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REMARKS 

The application has been reviewed in light of the Office Action mailed April 19, 
2004. At the time of the Office Action, Claims 1-4 were pending in this application. Claims 1-4 
were rejected in the Office Action. Claims 1-4 have been canceled and claims 5-20 have been 
added. 

Declaration Defective 

The Examiner indicated that the oath/declaration was defective because the title 
on the declaration did not match that of the application. To remedy the problem, the title of the 
present application has been amended to conform to the title of the invention in the declaration. 

Objections to the Specification 

The Examiner objected to the disclosure because of a variety of informalities. 
Specifically, the appendixes as submitted originally were improper. As helpfully suggested by 
the Examiner, the contents of the appendix have been moved into the specification. As the 
appendix was quite lengthy, applicant herewith submits a substitute specification under 37 
C.F.R. 1 .125(c). A marked up version of the specification is included with this response. 

Rejections to the Claims 

The Examiner rejected claim 4 under 35 U.S.C. 112, second paragraph. In 
response to the rejection, Applicants have canceled claim 4. Withdrawal of the rejection is 
respectfully requested. 

Rejections to the Claims under 35 U.S.C. 102(b) 

The Examiner rejected claims 1-4 under 35 U.S.C. 102(b) as being anticipate by 
Carlson, et al., U.S. Patent No. 4,090,250 ("Carlson"). In view of the rejection under Section 
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112, the Applicants have canceled claims 1-4 and have added new claims 5-20 that more 
particularly point out and distinctly claim the subject matter that the Applicants regard as their 
invention. Reconsideration and withdrawal of the rejection are respectfully requested. 

Applicants respectfully submit that no' amendments have been made to the 
pending claims for the purpose of overcoming any prior art rejections that would restrict the 
literal scope of the claims or equivalents thereof. 

Applicants respectfully request that the amendments submitted herein be entered, 
and further request reconsideration in light of the amendments and remarks contained herein. 

Applicants respectfully request withdrawal of all objections and rejections, and 
that there be an early notice of allowance. 
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SUMMARY 

In light of the above amendments and remarks Applicants respectfully submit that 
the application is now in condition for allowance and early notice of the same is earnestly 
solicited. Should the Examiner have any questions, comments or suggestions in furtherance of 
the prosecution of this application, the Examiner is invited to contact the attorney of record by 
telephone or facsimile. 

Applicants believe that there are no fees due in association with the filing of this 
Response, other than the three-month extension of time. However, should the Commissioner 
deem that any additional fees are due, including any fees for extensions of time, Applicants 
respectfully request that the Commissioner accept this as a Petition Therefor, and direct that any 
and all fees due are charged to Baker Botts L.L.P. Deposit Account No. 02-0383, (formerly 
Baker & Botts, LLP.) Order Number 068354.1444. 



Respectfully submitted, 



BAKER BOTTS L.L.P. (023640) 




Ronald L. Chichester 
Reg. No. 36,765 
One Shell Plaza 
910 Louisiana Street 
Houston, Texas 77002-4995 
Telephone: 713.229.1341 
Facsimile: 713.229.7741 
E-Mail: Ronald.Chichester@bakerbotts.com 
October 19, 2004 ATTORNEY FOR APPLICANTS 
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CROSS REFERENCE TO RELATED APPLICATIONS 



[00011 fQQO^ This application is a continuation-in-part of, and claims priority to, 

U.S. Patent A pplication Serial Numb er 09/870.457 which was filed on June L 2001 bv the 
same inventors and as signed to the same en tity, and is herein incorporated by referenced 
all pur poses. This application is related to the following applications: U.S. application for 
^Repeat Instruction with Interrupt 11 !! on fart June 1, 2001 by M. Catherwood, et al. (MTI-1665); 
U.S. application for -"Low Overhead Interrupt-" on fanr jujqg 1, 2001 by M. Catherwood, et al. 
(MTI-1666); U.S. application for ^Find First Bit Value Instructions 11 !! on feftrJune 1, 2001 by 
M. Catherwood (MTI-1667); U.S. application for -^Bit Replacement and Extraction 
Instructions 11 !! on ton June 1, 2001 by B. Boles, et al. (MTI-1668); U.S. application for 
-"Shadow Register Array Control Instructions-!! on Jwhinne 1, 2001 by M. Catherwood, et al. 
(MTI-1669); U.S. application for ^Multi-Precision Barrel Shifting 11 !! on JwhJune 1, 2001 by J. 
Conner, et al. (MTI-1670); U.S. application for -"Dynamically Reconfigurable Data Space 11 !! on 
JwbJung 1, 2001 by M. Catherwood, et al. (MTI-1735); U.S. application for ^Modified 
Harvard Architecture Processor Having Data Memory Space Mapped to Program Memory 
Space 11 !! on fenrJune 1, 2001 by J. Grosbach, et al. (MTI-1736); U.S. application for ^Modified 
Harvard Architecture Processor Having Data Memory Space Mapped to Program Memory Space 
with Erroneous Execution Protection-" on faftr June 1, 2001 by M. Catherwood (MTI-1737); 
U.S. application for -"Dual Mode Arithmetic Saturation Processing-!! on fanr June 1, 2001 by 
M. Catherwood (MTI-1738); U.S. application for ^Compatible Effective Addressing With a 
Dynamically Reconfigurable Data Space Word Width"" on fanr June 1, 2001 by M. 
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Catherwood, et al. (MT1-1739); U.S. application for -^Maximally Negative Signed Fractional 
Number Multiplication*!! on Jtmr .Iune 1, 2001 by M. Catherwood (MT1-1754); U.S. application 
for -^Euclidean Distance Instructions-!! on fan rJune 1, 2001 by M. Catherwood (MT1-1755); 
U.S. application for ^Sticky Z Bit*" on fan r.Tune 1, 2001 by J. Elliot (MTI-1756); U.S. 
application for -^Variable Cycle Interrupt Disabling-!! on JwhJung 1, 2001 by B. Boles, et al. 
(MTI-1757); U.S. application for ^Register Pointer Trap*!! on JunrJune 1, 2001 by M. 
Catherwood (MTI-1758); U.S. application for ^Modulo Addressing Based on Absolute Offset*!! 
on J ejune 1, 2001 by M. Catherwood (MTI-1759); U.S. application for *^Dual Dead Time 
Unit for PWM Module*!! on fanr .Iune 1, 2001 by S. Bowling (MTI-1789); U.S. application for 
*^Fault Pin Priority*!! on fafb .Tune 1, 2001 by S. Bowling (MTI-1790); U.S. application for 
^Extended Resolution Mode for PWM Module*!! on J«fhlun£ 1, 2001 by S. Bowling (MTI- 
1791); U.S. application for *"Configuration Fuses for Setting PWM Options*!! on Jtmrlunfi 1, 
2001 by S. Bowling (MTI-1792); U.S. application for ^Automatic A/D Sample Triggering*!! 
on J ejune 1, 2001 by B. Boles (MTI-1794); U.S. application for ^Reduced Power Option*!! 
on Jufh lmifi 1, 2001 by M. Catherwood (MTI-1796) which are all hereby incorporated herein by 
reference for all purposes. 

FIELD OF THE INVENTION 
100021 [0002] The present invention relates generally to processor instruction sets and, 

more particularly, to an instruction set for processing micro-controller type instructions and 
digital signal processor instructions from a single instruction stream. 

BACKGROUND OF THE INVENTION 
100031 [0003] Processors, including microprocessors, digital signal processors and 

microcontrollers, operate by running software programs that are embodied in one or more series 
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of instructions stored in a memory. The processors run the software by fetching the instructions 
from the series of instructions, decoding the instructions and executing them. 
[0004] [000 4 ] In addition to program instructions, data is also stored in memory that is 

accessible by the processor. Generally, the program instructions process data by accessing data 
in memory, modifying the data and storing the modified data into memory. 
[0005] [0005] The instructions themselves also control the sequence of functions that the 

processor performs and the order in which the processor fetches and executes the instructions. 
For example, the order for fetching and executing each instruction may be inherent in the order 
of the instructions within the series. Alternatively, instructions such as branch instructions, 
conditional branch instructions, subroutine calls and other flow control instructions may cause 
instructions to be fetched and executed out of the inherent order of the instruction series. 
[0006] [0006] The program instructions that comprise a software program are taken from 

an instruction set that is designed for each processor. The instruction set includes a plurality of 
instructions, each of which specifies operations of one or more functional components of the 
processor. The instructions are decoded in an instruction decoder which generates control 
signals distributed to the functional components of the processor to perform the operation(s) 
specified in the instruction. 

[00071 [0007] The instruction set itself, in terms of breadth, flexibility and simplicity 

dictates the ease with which programmers may generate programs. The instruction set also 
reflects the processor architecture and accordingly the functional and performance capability of 
the processor. 

[0008] [0008] There is a need for a processor and an instruction set that includes a robust 

and an efficient set of instructions for a wide variety of applications. Given the rapid growth of 

HOI JO 1:X6760S HOI J02 :1 006<m 1 1007106 - 4 - 



Client Reference No. MTI-2095.IJS.0 Patent 

digital signal processing (DSP) applications, there is a further need for an instruction set that 
incorporates DSP type instructions and micro-controller type instructions. There is a further 
need to provide processor having a tightly coupled DSP engine and a microcontroller arithmetic 
logic unit (ALU) for many types of applications conventionally handled separately by either a 
microcontroller or a digital signal processor, including motor control, soft modems, automotive 
body computers, speech recognition, echo cancellation and fingerprint recognition. 

SUMMARY OF THE INVENTION 
[00091 [0009] According to embodiments of the present invention, an instruction set is 

provided that features ninety four instructions and eleven address modes to deliver a mixture of 
flexible micro-controller like instructions and specialized digital signal processor (DSP) 
instructions that execute from a single instruction stream. 

[0010] [0010] According to an embodiment of the present invention, a processor 

executes instructions within the designated instruction set. The processor includes a program 
memory, a program counter, registers and at least one execution unit. The program memory 
stores program instructions, including instructions from the designated instruction set. The 
program counter determines the current instruction for processing. The registers store operand 
data specified by the program instructions and the execution unit(s) execute the current 
instruction. The execution unit may include a DSP engine and arithmetic logic unit. Each 
designated instruction is identified to the processor by designated encoding and to programmers 
by a designated mnemonic. 

BRIEF DESCRIPTION OF THE FIGURES DRAWINGS 
[0011] [0011] Th e abov e described features A^more complete understanding of the 

present d isclosure and advantages of the pr e sent invention will be more fully appreciat e d with 
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reference to the d e tail e d thereof may be acq uired hv referring to the following description and 
append e d figures in which: taken in con junction with the accompanying drawings, wherein: 
[0012] [00121 FIG. Eignre 1 depicts a functional block diagram of an embodiment of a 

processor chip within which embodiments of the present invention may find application. 
[0013] r001 31 FIG. Eigure 2 depicts a functional block diagram of a data busing scheme 

for use in a processor, which has a microcontroller and a digital signal processing engine, within 
which embodiments of the present invention may find application. 

F00141 rOOHl FIG. Eigure 3 depicts a functional block diagram of a digital signal 

processor ("DSP") engine according to an embodiment of the present invention. disclosure. 
[0015] [00151 FIGS. f igures 4A-4E depict five different instruction flow types according 

to embodiments of the present inv e ntion. disclosure 

[0016] ["00161 FIG. Eigure 5 depicts a programmer's model of the processor according to 

an embodiment of the present inv e ntion. disclosure 



[0017] Figure 4B is a block diagram illustrating an Instruction Pipeline Flow - 


1 


Word 2 Cycle according to an embodiment of the present disclosure. 




[00181 Figure 4C is a block diagram illustrating an Instruction Pipeline Flow - 


1 


Word 2 Cycle Table Operations according to an embodiment of the present disclosure. 




[0019] Figure 4D is a block diagram illustrating an Instruction Pipeline Flow - 


2 


Word 2 Cycle GOTO, CALL according to an embodiment of the present disclosure. 




10020] Figure 4E is a block diagram illustrating an Instruction Pipeline Flow - 


2 


word 2 evele DO. DOW according to an embodiment of the nresent disclosure. 




[0021] Figure 5 is a block diagram illustrating a Programmers model according to 


an embodiment of the oresent disclosure. 
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[00221 Figure 6 is a block diagram illustrating a Program Memory Addressing 

Scheme according t o an embodiment of the present disclosure, 

100231 Figure 7 is a block diagram illustrating a illustrating a "CALL Mt23" Map to 

the Program Counter according to an embodiment o f the prese nt disclosure. 

100241 Figure 8 is a block diag ram illustrating a "BRA SLIT16" Mao to the 

Program Counter according to an embodiment of the present disclosure. 

100251 Figure 9 is a block diagr am illustrating a "GOTO Wn" Man to the Program 

Counter according to an embodiment of the present disclosure. 

100261 Figure 10 is a block diagram illustrating a "BRA Wn" Map to the Program 

Counter according to an embodiment of the present disclosure. 

10027] Figure 11 is a block diagram illustrating a Data Alignment in Memory 

according to an embodiment of the present disclosure. 

100281 Figure 12 is a block diagram illustrating a MOV.D operation according to an 

embodim ent of the present disclosure. 

100291 Figure 13 is a block diagram illustrating a MOV.Q operation according to an 

embodiment of the present disclosure. 

[0030] Figure 14 is a block diagram illustrating a stack at the beginning of a calling 

sequence according to an embodiment of the present disclosure. 

[0Q311 Figure 15 is a block diagram illustrating a stack at the entry to a routine 

according to an embodiment of the present disclosure. 

[0Q321 Figure 16 is a block diagram illustrating a stack after a LNK instruction 

according to an embodiment of the present disclosure. 
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100331 Figure 17 i s a block diagram illustrating a Multi-Word Left Shift bv 4 

Instructio n Execution according to an emb odiment of the present disclosure 

[00341 Figure 18 is a block diagram illustr ating a Multi-Word Left Shift bv 20 

Instruction Execution according to an embo diment of the presen t disclosure* 

100351 Figure 19 is a block diagram illustrating a Multi- Word Right Shift bv 4 

Instruction Execution according to an emb odiment of the present disclosure 

100361 Figure 20 is a block diag ram illustra ting a Multi-Word Right Shift bv 20 

Instruction Execution according to an embodiment of the present disclosure 

[00371 Figure 21 is a block diagram illustrati ng a 16-Bit integer and fractional 

modes according to an embodiment of the present disclosure. 

[00381 Figure 22 is a block diagram illustrating a PO operation according to_an 

embodiment of the present disclosure, 

[00391 Figure 23 is a block diagram illustrating an alternate embodiment of the J1Q 

operation according to an embodiment of the present disclosure, 

[00401 Figure 24 is a block diagram i llustrating a Register Direct addressing mode 

according to an embodiment of the present disclosure, 

[00411 Figure 25 is a block diagram illustrating an alternate Register Indirect 

addressing mode acc ording to an embodiment of the present disclosure. 
[00421 Figure 26 is a block diagram illustrating a Register Indirect with Post- 

increment addressing mode according to an embodiment of the present disclosure. 
[00431 Figure 27 is a block diagram illustrating a Register Indirect with Post- 

Increment addressing mode according to an embodiment of the present disclosure. 
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[0044] Fig ure 28 is a block diagram illustrating a Register Ind irect with Pre- 

Decreme nt addressin g mode according t o an emb odiment of the prese nt disclosure* 
[0045] Figure 29 Register Indirect with Pre-Inc rement Addressing mode according 

to an embodiment of the present disclosure. 

100461 Figure 30 is a block diagram illustratin g a Register Direct with 5-bit signed 

Literal O peration mode accord ing to an embodiment of the present disclosure. 
100471 Figure 31 is a block diagram illustrating a Register Direct. Operand Source 

mode according to an embodiment of the present disclosure. 

100481 Figure 32 is a block diagram illustrating a Register Indirect Result 

Destination mode according to an embodiment of the present disclosure* 
[00491 Figure 33 is a block diagram i llustrating a Register Indirect, Operand Source 

mode according to an embodiment of the present disclosure. 

[00501 Figure 34 is a block diagram illustrating a Register Indirect, Result 

Destination mode according to an embodiment of the present disclosure. 
[00511 Figure 35 is a block diagram illustrating a Register Indirect with Post 

Decrement, Source Operand mode according to an embodiment of the present disclosure. 
[00521 Figure 3 6 is a block diagram illustrating a Register Indirect with Post 

Decreme nt, Result Destination mode according to an embodiment of the present disclosure. 
[00531 Figure 37 is a blo ck diag ram illustrating a Register Indirect with Post 

Increme nt, Operand Source mode according to an embodiment of the present disclosure. 
[00541 Figure 38 is a block diagram illustrating a Register Indirect with Post 

Increment Result Destination mode according to an embodiment of the present disclosure. 
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[00551 Figure 39 is a block diagram illustrating a Register Indirect with Pre- 

Decrement. Source Operand mode accord in g to an embodiment of the present disclosure, 
100561 Figure 40 is a bloc k diagra m illustrating a Register Indirect with Pre- 

Pecrement. Result D estination mode according to an embodiment of the present disclosure, 
100571 Figure 41 is a block diagram illustrating a Register Indirect with Prer 

Increment Source Operand mode according to an embodiment of the present disclosure. 
100581 Figure 42 is a block diagram illustrating a Register Indirect with Pre- 

increment, Result Destination mode according to an embodiment of the present disclosure. 
[00591 Figure 43 is a block diagram illustrating a Register Direct, Operand Source 

mode according to an embodiment of the present disclosure, 

[00601 Figure 44 is a block diagram illustrating a Register Direct, Operand Source 

mode according to an embodiment of the present disclosure, 

100611 Figure 45 is a block diagram illustrating a Register Indirect. Source Operand 

mode according to an embodiment of the present disclosure, 

[00621 Figure 46 is a block diagram illustrating a Register Indirect, Result 

Destination mode according to an embodiment of the present disclosure. 
[00631 Figure 47 is a block diagram illustrating a Register Indirect with Post 

Decrement Source Operand mode according to an embodiment of the present disclosure. 
[00641 Figure 48 is a block diagram illustrating a Register Indirect with Post 

Decrement Result Destination mode according to an embodiment of the present disclosure. 
100651 Fig ure 49 is a bloc k diagram illustrat ing a Register Indirect with Post 

Increment Source Operand mode according to an embodiment of the p resent di sclosure. 
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100661 Figure 5Q is a block diagram illustrating a Register Indirect with Post 

Incremen t, Result Destination mode according to an embodiment of the present disclosure* 
[00671 Figure 51 is a block diagram illustratin g a Register Indirect with Pre^ 

Decrement. Source Operand mode accordin g to an embodiment of the present disclosure* 
[00681 Figure 52 is a block diagram illustratin g a Register Indirect with Pre= 

Decrement, Result Destination mode acco rding to a n embodiment of the present disclosure. 
[0069] Figure 53 is a block diagram illustrating a Register Indirect with Regi ster 

Offset Operand Source mode according to an embodiment of the present disclosure, 
[00701 Figure 54 is a block diagram illustrati ng a Register Indirect with Register 

Offset. Result Destination mode according to an embodiment of the present disclosure. 
100711 Figure 55 is a block diagram illustrating a Reg is ter Indirect with Constant 

Offset. Source Operand mode according to an embodiment of the present disclosure. 
[00721 Figure 56 is a block diagram illustrating a Register Indirect with Constant 

Offset^ Result Destination mode according to an embodiment of the present disclosure. 
[00731 Figure 57 is a blo ck diagr am illustrating a Register Indirect with Pre- 

Decrement t Source Operand mode according to an embodiment of the p resent d isclosure. 
[00741 Figure 58 is a block diag ra m illustrating a Register Indirect with Pre- 

Decrement. Result Destination mode according to an embodiment of the present disclosure. 
[00751 Figure 59 is a block diagram illustrating a Register Indirect mode according 

to an embodiment of the prese nt disclosure, 

[00761 Figure 60 is a bloc k diagra m illustrating a Regi ster Indi rect with Post 

Increment mode acco rding to a n embodiment of the present disclosure. 
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[00771 Figure 61 is a block diagram illustrating a Register Indirect with Register 

Offset O perand Source mode according to an embodiment of th e present disclosure. 
[00781 Figure 62 is a block diagram i llustrating a Register Indirect with Post 

Decrement mode according to an embodiment of the present d isclosure. 
[00791 Figure 63 is a block diagram illustrati ng an X AGU according to an 

embodiment of the present disclosure. 

[00801 Figure 64 is a block diagram illustrating a Y AGU according to an 

embodiment of the present disclosure. 

[00811 Figure 65 is a block diagram illustrating an Incrementing Buffer Modulo 

addressing o peration according to an embodiment of the present disclosure. 

[00821 Figure 66 is a block diagram illustrating a Decrementing Buffer Modulo 

addressing operation according to an embodiment of the present disclosure. 

[00831 Figure 67 is a block diagram illustrating a Bit Reversed EA calculation 

according to an embodiment of the present disclosure* 

[00841 Figure 68 is a block diagram illustrating a Alternative Bit Reversed EA 

calculation method according to an embodiment of the present disclosure* 

[00851 Figure 69 is a block diagram illustrating a Bit Reve rsed Add ressing, Source 

Operand mode according to an embodim ent of the present disclosure. 

[00861 Figure 7 0 is a block diagram illustrating a Bit Reversed Addressing, 

Destination Operand mode according to an embodiment of the present d isclosure. 

[00871 Figure 71 is a block diagram illustrating a Register Indirect Table Read 

Operand Destination mode according to an embodiment of the present di sclosure. 



HOU01:867605HOU02:4^069^4 1M21M 



-12- 



Client Refere nce No. MTI -2095 JJS.O Patent 

[0088] Figure 72 is a block diagram illustratin g a Register Indirect, Table Read 

Operand Source mode according to an embodiment of the present disclosure. 

[00891 Figure 73 is a block diagram i llustrating a Register Indirect. Table Read 

Result Destination mode according to an embodimen t of the p resent disclosure* 

[00901 Figure 74 is a block diag ra m illustrating a Register Indirect with Post 

Decrement, Table Read Source Operand mode according to an embodiment of the present 

disclosure. 

[00911 Figure 75 is a block diagram illustrating a Register Indirect with Post 

Decrement Table Read Result Destination mode according to an embodiment of the 
present disclosure t 

[00921 Figure 76 is a block diagram illustrating a Register Indirect with Post 

Increment Table Read Operand Source mode according to an embodiment of the present 
disclosure. 

[00931 Figure 77 is a block diagram illustrating a Register Indirect with Post 

Increment Table Read Result Destination mode according to an embodiment of the 
present disclosure, 

[00941 Figure 78 is a block diagram illustrating a Register Indirect with Pre- 

Decrement, Table Read Source Operand mode according to an embodiment of the present 
disclosure. 

100951 Figure 79 is a block diagram illustrating a Register Indirect with Pre- 

Decrement, Table R ead Resu lt Destination mode according to an embodiment of the 
present disclosure. 
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[0096] Fig ure 80 is a block diagram illustr ating a Register Ind irect with Pre- 

increment. Table Read Source Operand mode according to an embodiment of the present 
disclosure, 

[00971 Fi gure 81 is a block diagram illustrating a Register Indirect with Pre- 

increment, Table R ead Res ult Destination according to an embodiment of the present 
disclosure, 

[00981 Figure 82 is a timing diagram illustra ting a XOR, the SUBR. the SUBR, the 

SUB B. the SUB- the MOVE, the IOR, the AND, the ADDC and the ADD operations 
according to an embodiment of the present disclosure. 

[00991 Figure 83 is a timing diagram illustrating a XORLS, the SUBRLS, the 

SUBUS. the SUBBRUS. the SUBUS. the IORLS. the ANDUS. the ADCCL S and the 
ADDCLS operations according to an embodiment of the present disclosure, 
[01001 Figure 84 is a timing diagram illustrating a COR, the INC2. the DEC2. the 

DEC COM T the NEG and the NCTM operations according to an embodiment of the 
present disclosure. 

[01011 Figure 85 is a timing diagram illustrating a ASR, the LSR, the ZE, the_SE» 

the SL t the RLC T the RLNC. the RRC and the RRNC operation ac cording to an 
embodim ent of the present disclosure. 

[01021 Figure 86 is a timi ng diagram illustrating a CPB and the CP operations 

according to an embodiment of the present disclosure, 

[01031 Figure 87 is a timi ng diagram illustrating a CP1 and the CPO operations 

according to an emb odiment of the present disclosure. 
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[0104] Figure 88 is a timing diagr am illustrating a CPBLS and the CPBLS 

operation s according to an e mbodiment of the present disclosure. 

[01051 Figure 89 is a timing ; diag ra m illustrating a XORLW, the SUBLW T the 

SIJBBBLW. the MOVIAV. the MOVL. the IQRI/VY. the ANDLW. the ADD1/VY and the 

ADDCL W operations according to an emb odiment of the present disclosure. 

[01061 Fi gure 90 is a timing diagram illustrati ng a ASRF, the SLF, the LSRF, the 

RRNCR the RRCR the R ENCF. the RE CF T the XORW F. the STJBWS. the SUBBWS. the 

S1IBFW. the SUBDFW. the MOVFW. the MOV, the TORWV. the ANDWF. the ADDWFC 

and the APDWF operations according to an embodi ment of the present disclosure. 

101071 Figure 91 is a timing diag ram illustratin g a CPFB. the CPF1. the CPFO and 

the CPF operations according to an embodiment of the present disclosure, 

101081 Figure 92 is a timing diagr am illustratin g a INCF. the DECF. the NEGF. the 

SETF T the COMF and the CLRF operations according to an embodiment of the present 

disclosure. 

101091 Figure 93 is a timing diagram illustrating a CPFSEO, the F PFSGT, the 

CPFSLT and the CPFSNE operations according to an embodiment of the present 
disclosure, 

[01101 Figure 94 is a timing diagram illustra ting an INCFSNZ, the INCFSA, the 

DECFSN Z, and the DECFSZ operations according to an embodiment of the present 
disclosure. 

[01111 Figure 95 is a timi ng diagram illustrating a SWAP operation according to an 

embodiment of the p resent disclosure. 
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[01121 Figure 96 is a timing diagram illustrating a STW op eration according-to_an 

embodim ent of the p resent dis closure. 

[01131 Fi gure 97 is a timing diagram illustrating a EXCH operation accordmgJfaLan 

embodiment of the present disclosure. 

F01141 Figure 98 is a timing diagram illustrating a BSW operation according to an 

embodim ent of the present disclosure. 

[01151 Figure 99 is a timing diagram illustrating a BTSTW operation according to 

an embod iment of the present disclosure. 

101161 Figure 100 is a timing diagram illustrating a BC LRR the BTSTSF. the 

BTSTF. the BTGF and BSETF operations according to an e mbodiment of the present 
disclosure. 

fOll 71 Figure 101 is a timing diagram illustra ting a BSET. the BTG. the BTST, the 

BTSTS. and the BCLR operations according to an embodiment of the present disclosure. 
mi 181 Figure 102 i s a timing dia gram illustrating a BTS S, the BTSC. the BTFSC 

and the BTFSS operations according to an embodiment of the present disclosure. 
[01191 Figure 103 is a timing diagram illustrating a TB LRDH and the TBLRDL 

operations according to an embodiment of the present disclosure. 

[01201 Figure 104 is a timing diagram illustrating a TBLWTH and the TBLWTL 

operations according to an embodiment of the present disclosure. 

[01211 Figure 105 is a timi ng diagram illustrating a LDOW operation according to 

an embodiment of the present disclosure. 

[01221 Figure 106 is a timin g diagra m illustratin g a LDD W operation according to 

an embodiment of the present disclosure 
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[01231 Fi gure 107 is a timing diagram illustrating a STOW operation according to 

an embodiment of the present disclosure. 

[01241 Figure 108 is a timing diagram illustrating a STPW operation acc ording to 

an embodiment of the present d isclosure. 

101251 Figure 109 is a timing diagram illustrating a MULS. the M ULSIL the 

MTJLSIJLS. the MTIUJ. the MIJUJLS and the MULTJS opera tions according to an 
embodiment of the present disclosure, 

[01261 Figure 110 is a timing diagram illustrating a MULWF operation according to 

an embodiment of the present disclosure. 

[01271 Figure 111 is a timing diagram illustrating a n ALL B RANCHES operation 

according to an embodiment of the prese nt disclosure, 

[01281 Figure 112 is a timing diagram illustrating a BRAW operation according to 

an embod iment of the present d isclosure. 

[01291 Figure 113 is a timing diagram illustrating a RC ALL. and the RCALLW 

operation s according to an em bodiment of the presen t disclosure. 

[01301 Figure 114 is a timing diagram illustrating a CALLW operation according to 

an embodiment of the present disclosure, 

[01311 Figure 11 5 is a timing diagram illustratin g a CALL o peration according to 

an embodiment of the present disclosure. 

[01321 Figure 116 is a timing diagram illustratin g a GOTOW operatio n according 

to an embodiment of the pres ent disclosure, 

[01331 Figure 117 is a timi ng diagram illustrating a GOTO operation according to 

an embodiment of th e present disclosure. 
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[0134] Figure 118 is a timing diagram illustrati n g a LNK operation according to an 

embodim ent of the p resent disclosure. 

[01351 Figure 119 is a timing diagram illustrating; a ULNK operation according to 

an embodiment of the present disclosure. 

[01361 Figure 120 is a timing diagram illustratin g a DAW operation according to an 

embodiment of the present disclosure. 

[01371 Figure 121 is a timing diagram illustrating a iSCRATCH operation according 

to an embodiment of the present disclosure* 

[01381 Figure 122 is a timing diagram illustrating a ITCH operation according to an 

embodiment of the present disclosure. 

[01391 Figure 123 is a timing diagram illustrating a PUSH operation according to an 

embodiment of the present disclosure. 

[01401 Figure 124 is a timing diagram illustrating a POP operation according to an 

embodiment of the present disclosure. 

[01411 Figure 125 is a timing diagram illustrating a LDW operation according to an 

embodiment of the present disclosure. 

[01421 Figure 126 is a timing diagram illustrating a TRAP operation according to 

an embodiment of the present disclosure. 

[01431 Figure 127 is a timing diagram illustrating a DISI operation ac cording to an 

embodiment of the present disclosure, 

[01441 Figure 128 is a timing diagram illustrating a LDW op eration a ccording to_an 

embodiment of the present disclosure. 
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[0145] Figure 129 is a timing diagram illustratin g a DO and the DOW operations 

according to an embodiment of the present disclosure. 

[01461 Figure 130 is a timing diagram i llustrating a DO and the PQW o perations 

continued according to an embodiment of the present disclosure. 

101471 Figure 131 is a timing diagram illustrating a MAC, the CLRAC. the ED AC. 

the SQRAC and the MOVSAC operations according to an embodiment of the present 
disclosure. 

101481 Figure 132 is a timing di agram illustrating a SO R. the ED. the MPY. the 

MPYN and the MSC operations according to an embodiment of the present disclosure, 
(01491 Figure 133 is a timing diagram illustrat ing a LSRW. the ISRK. the ASRK. 

the ASRW. the SLW and the SLK operations according to an embodiment of the present 
disclosure, 

101501 Figure 134 is a timing di agram illustrating a ADD AB. the NE GAB and the 

SUBAB operations according to an embodiment of the present disclosure. 
[01511 Figure 135 is a timing diagram illustrating an APDAC operation according 

to an embodiment of the present disclosure, 

[01521 Figure 136 is a timing diagram illustrating a LAC operation according to an 

embodiment of the present disclosure. 

10153] Figure 137 is a timing diagram illustrating a SAC and the SAC.R operations 

according to an embodiment of the prese nt disclosure. 

101541 Figure 138 is a timing diagram illus trating a SFTACK and t he SFTAC 

operations according to an embodiment of the present disclosure. 
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[01551 Figure 139 is a timing diagram illustrating a RETURN, the RE and the TFIE 

operation s according to an embodiment of the pre sent disclosure* 

[01561 Figure 140 is a timing diagram illustrating a MSI JC. the MSRK. the MSLW 

and the MSRW operations according to an embodiment of the present disclosure. 
[01571 Figure 141 is a timing diagram illustrating a FBCL. the FBCR, the FFQLu 

the FFOR. the FFIL and the FFIR operations according to an embodiment of the present 

disclosure, 

|01581 Figure 142 is a timin g diagram illustrating a RETLW operation according to 

an embodiment of the present disclosure. 

[01591 Figure 143 is a timing diagram illustrating a REPEAT and the REPEAT W 

operations according to an embodiment of the present disclosure. 

[01601 Figure 144 is a timing diagram illustrating a REPEAT and the REPEAT W 

operations continued according to an embodiment of the present disclosure* 
[01611 Figure 145 is a block diagram illustrating a CPU Core according to an 

embodiment of the present di sclosure, 

[01621 Figure 14 6 is a block diagram illustrating data alignment according to an 

embodiment of the present disclosure. 

[01631 Figure 147 is a block diagram illustrating a Data Space Memory Map 

Example according to an embodiment of the present disclosure, 

[01641 Figure 148 is a block diagram illustrating a data space for a microc ontroller 

and digital signal processor instructions according to an embodiment of the present 
disclosure* 
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[0165] Figure 149 is a block diagram illustrating a data space window into the 

program space operation according to an embodiment of the present disclosuret 
101661 Figure 150 is a block di agram illust rating a PS D ata Read-Through PS 

operation according to an embodiment of the presen t disclosure. 

10167) Figure 151 is a block diagram illustrating a PS Data Read-Through PS 

within a REPEAT loop operation according to an embodiment of the present disclosure. 
[01681 Figure 152 is a block diagram illustrating a data access operation from 

program space address generation according to an embodiment of the present disclosure. 
[01691 Figure 153 is a bloc k diag ram illustrating an instruction fetch according to 

an embodiment of the present disclosure 

[01701 Figure 154 is a blo ck dia gram illustrating a program space memory map 

according to an embodiment of the present disclosure. 

[01711 Figure 155 is a block diagram illustrating a program data table access 

according to an embodiment of the present disclosure. 

[0172] Figure 156 is a block diagram illustrating program data table access 

according to an embodiment of the present disclosure. 

[0173] Figure 157 is a block diagram illustrating HEX file compatibility according 

to an embodiment of the present disclosure. 

101741 Figure 158 is a basic core timing diagram according to an embodiment of the 

present disclosure. 

[01751 Figure 159 is a timing diag ram illu strating a clock/instruction cycle 

accordin g to an embodiment of the present disclosure. 
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101761 Figure 160 is a flow char t illustrating a REPEATtWl loop functional flow 

according to an embodiment of the p res ent disclosure. 

[0177] Figure 161 is a block dia gram illustrating a REPEAT! Wl instruction pipeline 

Flow according to an embodiment of the present d isclosure. 

101781 Figure 162 is a block diagram of a Do Loop hardware operation according to 

an embodiment of the present disclosure* 

[0179] Figure 163 is timing diagram of a DO loop entry operation according to an 

embodiment of the present disclosure. 

10180] Figure 164 is a timing diagram illustrating a DO loop continuation operation 

according to an embodiment of the present disclosure. 

[0181] Figure 165 is a timing diagram illustrating a DO Continue with Branch to 

Last Instruction operation according to an embodiment of the present disclosure* 
10182] Figure 166 is a timing diagram illustrating a DO loop EXIT operation 

according to an embodiment o f the pres ent disclosure. 

F01831 Figure 167 is a flow c hart illustrating a DO and REPE AT operation 

according to an embodiment of the present disclosure. 

[0184] Figure 168 is a block diagram illustrating an Uninitialized W Register Trap 

operation according to an embodiment of the present disclosure. 

101851 Figure 169 is a block diagram illustrating a Stack Pointer Overflow & 

Underflow Trap operation according to an embodi ment of t he present disclosure. 
{0186] Figure 170 is a timing diagram illustrating a Stack Timing of a PC PUSH 

CALL operation according to an embodiment of the present disclosure, 
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[0187| Figure 17 1 is a timing diagram illustrating a Stack Timing of a PC POP 

RETURN operation according to an emb odiment of the present disclosure. 
[0188] Figure 172 is a block diagram illustrating a CALL stack frame according to 

an embodiment of the present disclosure. 

[01891 Figure 173a is a block diagram illustrating a stack pointer at initialization 

according to an embodiment o f the pres ent disclosure. 

[0190] Figure 173h is a block diagram illustrating a stack pointer after a PUSH 

operation according to an embodiment of the present disclosure. 

[01911 Figure 173c is a block diagram illustrating a stack pointer after a PUSH 

operation according to an embodiment of the present disclosure. 

[01921 Figure 173d is a block diagram illustrating a stack pointer after a PQE 

operation according to an embodiment of the present disclosure. 

[0193] While the present invention is susceptible to various modifications and 

alternative forms, specific exemplary embodiments thereof have been shown by way of 
example in the drawings and are herein described in detail. It shou ld be und erstood, 
however, that the description herein of specific embodiments is not intended to limit the 
invention to the particular for ms disclos ed, but on the contrary, the intention is t o cover all 
modifications, equivalents, and alternatives falling within the spirit and scope of the 
invention as defined by the appended claims. 

DETAILED DESCRIPTION 
[0194] [0017] In order to describe the instruction set and its relationship to a processor 

for executing the instruction set, an overview of pertinent processor elements is first presented 
with reference to H€Sr Figures 1 and 2. The overview section describes the process of fetching, 
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decoding and executing program instructions taken from the instruction set according to 
embodiments of the present invention. 
fQ04-&} -Overview of Processor Elements 

[01951 [0019] FIG. Eigure 1 depicts a functional block diagram of an embodiment of a 

processor chip within which the present invention may find application. Referring to 
RG rEigiire 1, a processor 100 is coupled to external devices/systems 140. The processor 100 
may be any type of processor including, for example, a digital signal processor (DSP), a 
microprocessor, a microcontroller or combinations thereof. The external devices 140 may be 
any type of systems or devices including input/output devices such as keyboards, displays, 
speakers, microphones, memory, or other systems which may or may not include processors. 
Moreover, the processor 100 and the external devices 140 may together comprise a stand alone 
system. 

[01961 [0020] The processor 100 includes a program memory 105, an instruction 

fetch/decode unit 110, instruction execution units 115, data memory and registers 120, 
peripherals 125, data I/O 130, and a program counter and loop control unit 135. The bus 150, 
which may include one or more common buses, communicates data between the units as shown. 
[01971 [0021] The program memory 105 stores software embodied in program 

instructions for execution by the processor 100. The program memory 105 may comprise any 
type of nonvolatile memory such as a read only memory (ROM), a programmable read only 
memory (PROM), an electrically programmable or an electrically programmable and erasable 
read only memory (EPROM or EEPROM) or flash memory. In addition, the program memory 
105 may be supplemented with external nonvolatile memory 145 as shown to increase the 
complexity of software available to the processor 100. Alternatively, the program memory may 
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be volatile memory which receives program instructions from, for example, an external non- 
volatile memory 145. When the program memory 105 is nonvolatile memory, the program 
memory may be programmed at the time of manufacturing the processor 100 or prior to or 
during implementation of the processor 100 within a system. In the latter scenario, the processor 
100 may be programmed through a process called in-line serial programming. 
[0198] [0022] The instruction fetch/decode unit 1 1 0 is coupled to the program memory 

105, the instruction execution units 115 and the data memory 120. Coupled to the program 
memory 105 and the bus 150 is the program counter and loop control unit 135. The instruction 
fetch/decode unit 110 fetches the instructions from the program memory 105 specified by the 
address value contained in the program counter 135. The instruction fetch/decode unit 110 then 
decodes the fetched instructions and sends the decoded instructions to the appropriate execution 
unit 115. The instruction fetch/decode unit 110 may also send operand information including 
addresses of data to the data memory 120 and to functional elements that access the registers. 
[0199] [0023] The program counter and loop control unit 1 35 includes a program counter 

register (not shown) which stores an address of the next instruction to be fetched. During normal 
instruction processing, the program counter register may be incremented to cause sequential 
instructions to be fetched. Alternatively, the program counter value may be altered by loading a 
new value into it via the bus 150. The new value may be derived based on decoding and 
executing a flow control instruction such as, for example, a branch instruction. In addition, the 
loop control portion of the program counter and loop control unit 135 may be used to provide 
repeat instruction processing and repeat loop control as further described below. 
[0200] [002 4 ] The instruction execution units 115 receive the decoded instructions from 

the instruction fetch/decode unit 1 1 0 and thereafter execute the decoded instructions. As part of 
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this process, the execution units may retrieve one or two operands via the bus 1 50 and store the 
result into a register or memory location within the data memory 120. The execution units may 
include an arithmetic logic unit (ALU) such as those typically found in a microcontroller. The 
execution units may also include a digital signal processing engine, a floating point processor, an 
integer processor or any other convenient execution unit. A preferred embodiment of the 
execution units and their interaction with the bus 150, which may include one or more buses, is 
presented in more detail below with reference to FK^ Eigure 2. 

[0201] [0025] The data memory and registers 120 are volatile memory and are used to 

store data used and generated by the execution units. The data memory 120 and program 
memory 105 are preferably separate memories for storing data and program instructions 
respectively. This format is a known generally as a Harvard architecture. It is noted, however, 
that according to the present invention, the architecture may be a Von-Neuman architecture or a 
modified Harvard architecture which permits the use of some program space for data space. A 
dotted line is shown, for example, connecting the program memory 105 to the bus 150. This 
path may include logic for aligning data reads from program space such as, for example, during 
table reads from program space to data memory 120. 

[0202] [0026] Referring again to E4Gr Figure 1, a plurality of peripherals 125 on the 

processor may be coupled to the bus 125. The peripherals may include, for example, analog to 
digital converters, timers, bus interfaces and protocols such as, for example, the controller area 
network (CAN) protocol or the Universal Serial Bus (USB) protocol and other peripherals. The 
peripherals exchange data over the bus 150 with the other units. 

10203] [0027] The data I/O unit 130 may include transceivers and other logic for 

interfacing with the external devices/systems 140. The data I/O unit 130 may further include 
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functionality to permit in circuit serial programming of the Program memory through the data 
I/O unit 130. 

(0204] [0028] FIG. Fiffure 2 depicts a functional block diagram of a data busing scheme 

for use in a processor 100, such as that shown in HGrFi gure 1, which has an integrated 
microcontroller arithmetic logic unit (ALU) 270 and a digital signal processing (DSP) engine 
230. This configuration may be used to integrate DSP functionality to an existing 
microcontroller core. Referring to HG rEigHEE 2, the data memory 120 of FtGr Figure 1 is 
implemented as two separate memories: an X-memory 210 and a Y-memory 220, each being 
respectively addressable by an X-address generator 250 and a Y-address generator 260. The X- 
address generator may also permit addressing the Y-memory space thus making the data space 
appear like a single contiguous memory space when addressed from the X address generator. 
The bus 150 may be implemented as two buses, one for each of the X and Y memory, to permit 
simultaneous fetching of data from the X and Y memories. 

[02051 [0029] The W registers 240 are general purpose address and/or data registers. 

The DSP engine 230 is coupled to both the X and Y memory buses and to the W registers 240. 
The DSP engine 230 may simultaneously fetch data from each the X and Y memory, execute 
instructions which operate on the simultaneously fetched data and write the result to an 
accumulator (not shown) and write a prior result to X or Y memory or to the W registers 240 
within a single processor cycle. 

10206] [0030] In one embodiment, the ALU 270 may be coupled only to the X memory 

bus and may only fetch data from the X bus. However, the X and Y memories 210 and 220 may 
be addressed as a single memory space by the X address generator in order to make the data 
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memory segregation transparent to the ALU 270. The memory locations within the X and Y 
memories may be addressed by values stored in the W registers 240. 

[0207] [0031] Any processor clocking scheme may be implemented for fetching and 

executing instructions. A specific example follows, however, to illustrate an embodiment of the 
present invention. Each instruction cycle is comprised of four Q clock cycles Q1-Q4. The four 
phase Q cycles provide timing signals to coordinate the decode, read, process data and write data 
portions of each instruction cycle. 

102081 [0032] According to one embodiment of the processor 100, the processor 100 

concurrently performs two operations—it fetches the next instruction and executes the present 

instruction. Accordingly, the two processes occur simultaneously. The following sequence of 

events may comprise, for example, the fetch instruction cycle: 

4-Q1 : Fetch Instruction 
Q2: Fetch Instruction 
Q3: Fetch Instruction 

Q4: Latch Instruction into prefetch register, Increment PC 

[0209] [0033] The following sequence of events may comprise, for example, the execute 

instruction cycle for a single operand instruction: 

^Ql : latch instruction into IR, decode and determine addresses of operand data 
Q2: fetch operand 

Q3: execute function specified by instruction and calculate destination address 
for data 

Q4: write result to destination 
[0210| [003 4 ] The following sequence of events may comprise, for example, the execute 

instruction cycle for a dual operand instruction using a data pre-fetch mechanism. These 
instructions pre-fetch the dual operands simultaneously from the X and Y data memories and 
store them into registers specified in the instruction. They simultaneously allow instruction 
execution on the operands fetched during the previous cycle. 
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3-Q1 : latch instruction into IR, decode and determine addresses of operand data 

Q2: pre- fetch operands into specified registers, execute operation in instruction 

Q3: execute operation in instruction, calculate destination address for data 

Q4: complete execution, write result to destination 

[00351 DSP DiRital Sig nal Processin g Engine 

1021 11 r00361 FIG. Eigiire 3 depicts a functional block diagram of the DSP engine 230. 

The DSP engine executes various instructions within the instruction set according to 
embodiments of the present invention. The DSP engine 230 is coupled to the X and the Y bus 
and the W registers 240. The DSP engine includes a multiplier 300, a barrel shifter 330, an 
adder/subtractor 340, two accumulators 345 and 350 and round and saturation logic 365. These 
elements and others that are discussed below with reference to HG rEigure 3 cooperate to 
process DSP instructions including, for example, multiply and accumulate instructions and shift 
instructions. According to one embodiment of the invention, the DSP engine operates as an 
asynchronous block with only the accumulators and the barrel shifter result registers being 
clocked. Other configurations, including pipelined configurations, may be implemented 
according to the present invention. 

[02121 [0037] The multiplier 300 has inputs coupled to the W registers 240 and an output 

coupled to the input of a multiplexer 305. The multiplier 300 may also have inputs coupled to 
the X and Y bus. The multiplier may be any size however, for convenience, a 16.timcs. l6% 16 bit 
multiplier is described herein which produces a 32 bit output result. The multiplier may be 
capable of signed and unsigned operation and can multiplex its output using a scaler to support 
either fractional or integer results. 

(0213] [0038] The output of the multiplier 300 is coupled to one input of a multiplexer 

305. The multiplexer 305 has another input coupled to zero backfill logic 310, which is coupled 
to the X Bus. The zero backfill logic 310 is included to illustrate that 16 zeros may be 
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concatenated onto the 16 bit data read from the X bus to produce a 32 bit result fed into the 
multiplexer 305. The 16 zeros are generally concatenated into the least significant bit positions. 
[0214] [0039] The multiplexer 305 includes a control signal controlled by the instruction 

decoder of the processor which determines which input, either the multiplier output or a value 
from the X bus is passed forward. For instructions such as multiply and accumulate (MAC), the 
output of the multiplier is selected. For other instructions such as shift instructions, the value 
from the X bus (via the zero backfill logic) may be selected. The output of the multiplexer 305 is 
fed into the sign extend unit 315. 

[02151 [00 4 0] The sign extend unit 315 sign extends the output of the multiplexer from a 

32 bit value to a 40 bit value. The sign extend unit 3 1 5 is illustrative only and this function may 
be implemented in a variety of ways. The sign extend unit 315 outputs a 40 bit value to a 
multiplexer 320. 

[0216] [00 4 1] The multiplexer 320 receives inputs from the sign extend unit 315 and the 

accumulators 345 and 350. The multiplexer 320 selectively outputs values to the input of a 
barrel shifter 330 based on control signals derived from the decoded instruction. The 
accumulators 345 and 350 may be any length. According to the embodiment of the present 
invention selected for illustration, the accumulators are 40 bits in length. A multiplexer 360 
determines which accumulator 345 or 350 is output to the multiplexer 320 and to the input of an 
adder 340. 

[0217] [00 4 2] The instruction decoder sends control signals to the multiplexers 320 and 

360, based on the decoded instruction. The control signals determine which accumulator is 
selected for either an add operation or a shift operation and whether a value from the multiplier 
or the X bus is selected for an add operation or a shift operation. 
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[0218] [00 4 3] The barrel shifter 330 performs shift operations on values received via the 

multiplexer 320. The barrel shifter may perform arithmetic and logical left and right shifts and 
circular shifts where bits rotated out one side of the shifter reenter through the opposite side of 
the buffer. In the illustrated embodiment, the barrel shifter is 40 bits in length and may perform 
a 15 bit arithmetic right shift and a 16 bit left shift in a single cycle. The shifter uses a signed 
binary value to determine both the magnitude and the direction of the shift operation. The signed 
binary value may come from a decoded instruction, such as shift instruction or a multi-precision 
shift instruction. According to one embodiment of the invention, a positive signed binary value 
produces a right shift and a negative signed binary value produces a left shift. 
[0219] [00 44 ] The output of the barrel shifter 330 is sent to the multiplexer 355 and the 

multiplexer 370. The multiplexer 355 also receives inputs from the accumulators 345 and 350. 
The multiplexer 355 operates under control of the instruction decoder to selectively apply the 
value from one of the accumulators or the barrel shifter to the adder/subtractor 340 and the round 
and saturate logic 365. 

[02201 [00 4 5] The adder/subtractor 340 may select either accumulator 345 or 350 as a 

source and/or a destination. In the illustrated embodiment, the adder/subtractor 340 has 40 bits. 
The adder receives an accumulator input and an input from another source such as the barrel 
shifter 33 1 , the X bus or the multiplier. The value from the barrel shifter 331 may come from the 
multiplier or the X bus and may be scaled in the barrel shifter prior to its arrival at the other input 
of the adder/subtractor 340. The adder/subtractor 340 adds to or subtracts a value from the 
accumulator and stores the result back into one of the accumulators. In this manner values in the 
accumulators represent the accumulation of results from a series of arithmetic operations. The 
round and saturate logic 365 is used to round 40 bit values from the accumulator or the barrel 
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shifter down to 16 bit values that may be transmitted over the X bus for storage into a W register 
or data memory. The round and saturate logic has an output coupled to a multiplexer 370. The 
multiplier 370 may be used to select either the output of the round and saturate logic 365 or the 
output from a selected 16 bits of the barrel shifter 330 for output to the X bus. 
[00 4 6] Description of the Instruction Set 

[0221] [00 4 7] The designated instruction set according to the present invention is set 

forth in Table 1 - 1, which lists the instruction s e t the following tables, and are listed in 
alphabetical order using mnemonics. The mnemonics are merely illustrative, and one of 
ordinary skill in the art will understand that alternate mnemonics may be used to achieve 
the same result. The designated instruction set and descriptions of each designated instruction 
is presented in Appendix A. All of the tables arc set forth at the end of the specification prior to 
th e Figures. Th e re arc ninety four instructions, many of which have sev e ral addressing modes. 
the following tables. To simplify the definition, each variant of an instruction is given a 
different "PLA mnemonic." The detailed definitions of the instructions are listed by the PLA 
mnemonic in each table Table 1 - 1 which lists the illustrative assembly syntax of each 
mnemonic, gives examples of usage of that syntax, gives the PLA mnemonic and r e f e r e nces an 
appendix page at which a d e scription of the instruction is found . Symbols used in the definitions 
of Table 1 - 1 the tables of the instruction set are defined in Table 6 - 1 found in App e ndix A. 
App e ndix A compris e s additional d e tails d e scribing th e op e ration of e ach instruction and is 
incorporated by reference herein. 1. 



TABLE 1 -- Symbols used in the Opcode Descriptions 



Bald 



Description 



LI 

ItexU 
atext 



Optional field or operation 

Means "the location addresse d by text 

Means "content of text" 

Means literal defined by "text" 

textl must be in the set of text2. text3, 



textl e ftext2 r text3 r ) 
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Patent 



none 
{labels 

label 

<n:m> 



bit4 

f 
d 

Ww 

Wn 

Wns 

Wnd 

Wb 

Ws 

Wd 

Wso 
Wdo 
Wm*Wm 
Wm*Wn 



Wx 



Wy 

Wxp 

Wyp 

AWB 

EC 

ECL 

PCH 

PCU 

PC LATH 



field does; not require an entry , may he blank 
Optional Label name. 

Translates to a literal represe nting the location o f the label name 

Register bitlifild 

1-bit unsigned litera l f f0.1l 

4- bit unsigned literal f (tL~15} 

5- bit unsigned literal f ((L~311 
5-bit signed literal f {-16. .15} 
1Q-bit signed literal f (-512 .5111 

14-bit unsigned literal e. (Q... 16384} 

16-bit unsigned literal <= { 0 .65535} 

16-bit signed literal e (-32768...327671 

23-bit unsigned literal <= 10 .8388608); LSB must be Q 

3- bit bit selection field (used in byte addressed instructions) e {P.. .7) 

4- bit bit selection field (used in word addressed instructions) e 



Word mode selection (default) 

Byte mode selection 

Shadow register select 

File register address f (0Q0Qh...1FFFh} 

File register destination d e {Ww, none} 

Default W working register (used in file register instructions) 

One of 16 working registers f {W0..W151 

One of 16 source working registers f {W0..W15} 

One of 16 destination working registers f {WQ..W151 

Base W register f (W0..W15) 

Source W register f ( Ws, [Ws], fWs1++, fWs1-- T fWs++1 ) 
Destination W register f (Wd. fWdl. rWould1++. fWdl~ T fWdt+li 
Source W register £. 

( Wns. rWnsy rWns1++ T fWnsI--. rWns--l. rWns-fWby HA/ns+slitSl \ 
Destination W register e 

(Wnd, fWndL [Wnd1++, fWndl-, fWnd-L fWnd+Wbl, fWnd+slit51 } 
Multiplicand and M ultiplier W register for Square instructions^ 
(W0*W0 T W1*W1 T W2*W2 T W3*W3) 

Multiplicand and Multiplier W register for DSP instructions e 

fW0*W1.WQ*W2.WQ*W3W1*W2WrW3.W2*W3\ 

X data space prefetch address register for DSP instructions 

f /rw4i+=6 rw4i+=4. rw4i+=2. rw4i. rw4i-=6. rw4i-=4. rw4i-=2. 

[W51+=6 r rW51+=4 r rW51+=2 r fW51, [W51-=6. rW51-=4. fW41-=2. 
rW5+W81.nonel 

Y data space prefetch address register for DSP instructions 

f aW61+=8. rW6H=4. iW61 +=2. TW61. r W61-=6. iW61-=4 . rwei-=2. . 
[W71+=8 r rW7H=4 T rW7H=2. fW71. fW71-=6. r\A/71-=4. rW71-=2. . 
|rW7+W81nonel 

X data space prefetch destination register for DSP instructions^ 

(W0.W3) 

Y data space prefetch destination register for DSP instructjp_ns_e, 
{W0..W3} 

Accumula tor write back des tination address register f {W9,[W9]++) 

Program Counter 

Program Counter Low Byte 

Program Counter High Byte 

Program Counter Upper Byte 

Program Counter High By te Latch 
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PCLATU Program Counter Up per Byte Latch 

ssa ad ca cd DSC status bits: ACCA Overflow, ACCB Overflow, ACCA Saturate. 

OA, OB, SA f SB ACCB Saturate 

C. DC. N. OV t SZ, Z ALU status bits; Car ry, Di git Carry. Negative, Overflow. Sticky-Zero, 

Zero 
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TABLE 2 - ADD: Add Wb and Ws 



Patent 



Syntax: 


(laheU 


AQDLhl 


Wb t 


Ws* 


Wd 












fWs1 r 


Dflfdl 












rwsi++ t 


fWd1++ 












rwsi~ f 


fWdl- 












fWs++l r 


fWd-f+1 












rws-i f 


[Wd-] 
































Operands: 


Wb <= rWO ... W15]; Ws e fWO ... W151: W 


fd f fWO ... W151 


Operation: 


(Wb) + (Ws) Wd 


Status Affected: 


C r DC r N r OV T Z 


Encoding: 


0100 


Owww 


wBqq 


qddd 


dppp 


ssss 


Description: 


Add the contents of the source reaister Ws and the contents of the base 




reaister Wb and place the result in the destination register Wd. 




The 'B' bit selects byte or word operation. 




The t s' bits select the address of the source register. 




The 'w' bits select the address of the base reaister. 


The 'd' bits select the address of the destination reaister. 




The 'p' bits select source address mode 2. 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


on rather 


Note: The extension b in the instruction denotes a bvte ooerati 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words; 


1 


Cycles: 


1 


Example: 


ADD 


W5 r W6 r W7 ; Add 




Before Instruction 






After Instruction 
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TABLE 3 - ADDAB: Add ACCA to ACCB 



Patent 



Syntax: 


/label:} 


ADD 


A 














B 




























































































Operands: 


none 


Operation: 


(ACCA) + ACCB ACC{A or B) 


Status Affected: 


OA. OB. SA. SB 


Encodina: 


1100 


1011 


A000 


0000 


0000 


0000 


Descriptioni 


Add ACCA to ACCB and write results to selected accumulator. 






The 'A' hits specify the destination accumulator. 








Words: 


1 


Cycles: 


1 


Example: 




ADD 


B 


; Add ACCA to ACCB. result to 






ACCB 




Before Instruction 
After Instruction 
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TABLE 4 - ADD AC: 16-Bit Signed Add to Accumulator 



Patent 



Syntax: 


{label:} 


ADD 




Wns. 


f. Slit41 










EL 


rwnsi, 














[Wns]++ 














[Wns]- 














fWns-1. 














fWns+Wb] r 














[Wns+lit51 




















Operands: 


tons € rW0...W15l: 






Wb g [WO ... W15]: Iit5 e TO ... 311 




Slit4 p [-8 ... +71 


Operation: 


(ACC) + Shiftc^fExtend/Wns)) ACC 


Status Affected: 


OA r OB. SA. SB 


Encoding: 


1100 


1001 


Awww 


wrrr 


rggg 


ssss 


Description: 


The term contained at the effective address is assumed to be Q15 




fractional data and is automatically siqn-extended and zero-backfilled 


prior to the operation. 

Optionally shift the term, then add the term to accumulator 




The 'A' bits soecifv the destination accumulator. 


The ( s' bits soecifv the source register Wns. 




The 'g' bits select source address mode 3. 


le offset register Wb. 


The ( w' bits soecifv the offset amount Iit5 OR tti 


The V bits encode the ootional operand Slit4 which determinesjthe 


amount of the accumulator oreshift: if the operand Slit4 is absent a 0 


is encoded. 

See Table 1-7 for modifier addressing information. 


ic shift 


Note: Positive values of ODerand Slit4 represent arithmet 


right. Negative values of operand Slit4 represent shift left. 


Words: 


1 


Cycles: 


1 


Example: 


ADD i 


* r W5 r # 3 


; Shift W5 riqht 3 bits, add to accumulator A 




Before Instr 
After Instru 


uction 
ction 
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TABLE 5 - ADDC: Add Wb and Ws with Carry 



Patent 



Syntax: 


{lahfiUi 


ADDC(.b) 


Wb. 


Ws. 


Wd 












DMsL 


D/Mt 












rwsi++ r 


[Wd]++ 












rwsi» T 


fWdl- 












[Ws++], 


rwd++i 












rws~i. 


[Wd-1 
































Operands: 


wb^rwo... WlSliWs^n 


m ... W151; Wd f [WO ... V\ 


M5I 


Operation: 


l\Nb) + (Ws) + (C) -> Wd 


Status Affected: 


C. DC. N OV Z 


Encoding: 


0100 


lwww 


wBcra 


addd 


dppp 


Ssss 


Description: 


Add the contents of the source register Ws and the contents of the base 




reaister Wb and the Carrv bit and olace the result in the destination reaister 


Wd. 

The 'B' bit selects bvte or word ooeration. 




The 's' bits select the address of the source reaister. 




The ( w' bits select the address of the base reqister. 


islex* 


The ( d' bits select the address of the destination req 


The 'p' bits select source address modeJL 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing informjatiojCL 


tion rather 


Note: The extension .b in the instruction denotes a bvte ooera 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example^ 


ADDC 


W5 r W6 r W7 ; Add 




Before Instruction 






After Instruction 
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TABLE 6 - ADDCLS: Add Wb and Short Literal with Carry 



Patent 



Syntax: 


{laheLi 


ADDCfb} 


Wb, 


UtS. 


Wd 














[Wdl 














rwdi++ 














fWdl- 














fWd++1 














fWd--1 
































Operands! 


WbFfW0...W15l: litSFTf 


>„. 311: Wd e rW0...W15l 


Operation: 


(Wb) + litS + (C) ->Wd 


Status Affected: 


C, DC, N r OV t Z 


Encoding! 


0100 


Iwww 


wBqq 


qddd 


dllk 


kkkk 


Description: 


Add the contents of the base register Wb. the literal operand and the Carry 




bit: and place the result in the destination register Wd. 




The 'B' bit selects byte or word operation. 




The *w' bits select the address of the base register. 




The 'k' bits provide the literal operand, a five-bit integer number. 




The 'd' bits select the address of the destination register. 


The 'a' bits select destination address mode 2. 




See Table 1-6 for modifier addressing information. 


a bvte operation rather 


Note: The extension .b in the instruction denotes 


than a word operation. You may USG a w extension to denote ^word 


operation, but it is not reguired. 


Words; 


1 


Cycles: 


1 


Example: 


ADQC 


W5 r #12 r W7 ; Add 




Before Instruction 
After Instruction 
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TABLE 7 - ADDCLW: Add Literal to Wn with Carry 



Syntax: 


{labeU 


ADDC{.b> 


Slitlfl, 


Wn 








































































































Operands: 


SlitIO <= f-512 ... 5111: Wn e fWO ... W151 




Operation: 


Slit10 + fWn> + (C)->Wn 


Status Affected: 


C DC. N. OV. Z 


Encoding: 


1011 


0000 


IBkk 


kkkk 


kkkk 


dddd 


Description: 


Add the literal ooerand to the contents of the workina reaister Wn and the 




Carrv bit and place the result in the working register Wn. 


tion rather 


The bit selects byte or word operation. 


sr. 


The 'd' bits select the address of the workina reaisti 


The 'k' bits specify the literal operand, a signed 10-bit number. 


Note: The extension b in the instruction denotes a bvte ooera 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


ADDC 


#123 r W7 ; Add w/ carry 




Before Instruction 
After Instruction 
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TABLE 8 - ADDLS: Add Wb and Short Literal 



Patent 



Svntax: 


(lafaeia 


ADDfb} 


Wb, 


1115, 


Wd 














IWdl 














rwdi++ 














rwdi~ 














rwd++i 














rwd»i 
































Operands: 


wb f rwo ... i 


W151; litS e TO ... 311: Wd f fWO ... W151 


Operation; 


(Wb) + lit* ^ Wd 


Status Affected: 


C. DC. N. ov. z 


Encoding; 


0100 


Owww 


wBcrcr 


qddd 


dllk 


kkkk 


Description: 


Add the contents of the source reaister Ws and the literal ooerand and olace 




the result in the destination register Wd. 




The *B' bit selects byte or word ooeration. 


The 'w' bits select the address of the base register. 


The 'k' bits provide the literal operand, a five-bit integer number. 




The 'd' bits select the address of the destination reaister. 


The 'a* bits select destination address mode 2. 




See Table 1-6 for modifier addressing information. 


a byte operation rather 


Note: The extension .b in the instruction denotes 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


ADD 


W5 T #12 r W7 ; Add 




Before Instruction 
After Instruction 
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TABLE 9 - ADDLW: Add Literal to Wn 



Syntax: 


{laheJLi 


ADD(.b) 


Slit10 r 


Wn 








































































































Operands: 


SlitIO f r-512 511]; Wn <= fWO ... W151 




Operation; 


Slit10 + (Wn)^Wn 


Status Affected: 


C. DC. N. OV T Z 


Encoding: 


1011 


0000 


OBkk 


kkkk 


kkkk 


dddd 


Description: 


Add the literal oner and to the contents of the workina reaister Wn and olace 




the result in the workina reaister Wn. 




The 'B* bit selects bvte or word operation. 




The 'd' bits select the address of the working register. 


tion rather 


The 'k' bits specify the literal operand, a signed 10-bit number. 


Note: The extension .b in the instruction denotes a byte opera 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


ADD 


#123,W7 ; Add 




Before Instruction 
After Instruction 
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TABLE 10 - ADDWF: Add f and Ww 



Syntax: 




i — J. 


f 


f.Wwl 








































































































Operands^ 


f g [0 ...8191] 


Operation: 


(f) + (Ww) destination designated by D 


Status Affected: 


C. DC. N. OV. Z 


Encoding; 


1011 


0100 


OBDf 


ffff 


ffff 


ffff 


Description: 


Add the contents of the working register and the contents of the file register 




and place the result in the destination designated by D: If the optional Ww is 


soecified. D=0 and store result in Ww: otherwise. D=1 and store result in the 


file register. 

The 'B' bit selects byte or word operation. 


a bvte operation rather 


The 'D' bit selects the destination. 


i register. 


The 'f bits select the address of the file 


Note: The extension .b in the instruction denotes 


than a word operation. You may use a .w extension to denote BjtfO-Ui 


operation, but it is not required. 


Words; 


1 


Cycles: 


1 


Example: 


ADD 


RAM135, Ww ; Add 




Before Instruction 
After Instruction 
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Patent 



TABLE 11 ~ ADDWFC: Add f and Carry bit and Ww 



Syntax: 


flahekl 


ADDCfb) 


f 


(,Ww) 








































































































Operands: 


fe [0 ... 8191] 


Operation; 


(f) + (Ww) + (C)^ destination designated by D 


Status Affected: 


C, DC, N r ov r z 


Encoding: 


1011 


0100 


lBDf 


ffff 


ffff 


ffff 


Description: 


Add the contents of the working register and the carry flag and the contents 




of the file register and place the result in the destination designated bvJLJf 


the ontional Ww is soecified, D=0 and store result in Ww; otherwise, D=1 and 


store result in the file register. 

The B' bit selects byte or word operation. 


a byte operation rather 


The 'D' bit selects the destination. 


i register. 


The T bits select the address of the file 


Note: The extension .b in the instruction denotes 


than a word operation. You may use a .w extension to denote ^word 


operation, but it is not required. 


Words; 


1 


Cycles: 


1 


Example: 


ADDC 


RAM 135, Ww ; Add 




Before Instruction 
After Instruction 
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TABLE 12 - AND: And Wb and Ws 



Patent 



Syntax: 


(labels 




Wh, 


Ws. 


Wd 












DfttsL 


[Wdl 












rwsi++ t 


fWd]++ 












rwsi--. 


fWdl- 












rws++i f 


fWd++1 












fWs--l r 


fWd-1 
































Operands: 


Wb <= rwo ... i 


W15l:Ws e fW0...W15l:1 


Aid f rwo ... wi5i 


Operation: 


(Wb).AND.(Ws)->Wd 


Status Affected: 


N^Z 


Encoding: 


0110 


Owww 


wBcra 


qddd 


dppp 


ssss 


Description: 


Compute the AND of the contents of the source register Ws and the contents 




of the base reaister Wb and olace the result in the destination reaister Wd. 


The bit selects bvte or word ooeration. 




The 's' bits select the address of the source reaister. 




The 'w' bits select the address of the base register, 


isten 


The ( d' bits select the address of the destination xea 


The 'p' bits select source address modeJJL 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


tion rather 


Note: The extension .b in the instruction denotes a bvte ooera 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


AND 


W5 f W6 r W7 ; And 




Before Instruction 






After Instruction 
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TABLE 13 - A NDLS: AND Wb and Short Literal 



Patent 



Syntax: 


(laheiq 


AND{.b} 


Wh, 


U15, 


Wd 














[Wd] 














[Wdl++ 














rwdi- 














fWd++1 














[Wd~] 
































Operands: 


Wb e rwo ... i 


IAM51: litS <= f< 


3 ... 311: Wd e rWO ...W151 


Operation: 


(Wb).AND.Iit5->Wd 


Status Affected: 




Encoding: 


0110 


Owww 


wBqq 


qddd 


dllk 


kkkk 


Description: 


Commits the AND of the contents of the base reaister Wb and the literal 




operand and place the result in the destination register Wd. 




The 'B' bit selects byte or word operation. 




The 'w* bits select the address of the base reaister. 




The 'k' bits provide the literal operand, a five-bit integer number. 




The 'd' bits select the address of the destination register. 


The 'q' bits select destination address mode 2. 




See Table 1-6 for modifier addressing information, 


a byte operation rather 


Note: The extension b in the instruction denotes 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


AMD 


W5 r #12 r W7 ; AND 




Before Instruction 
After Instruction 
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TABLE 14 - ANDLW: AND Literal and Wd 



Syntax: 




AND(.b) 


SlitIO, 


Wn 








































































































Operands: 


SlitIO f r-512 ... 5111: Wn <= fWO W15 




Operation: 


Slit10.AND.fWn)->Wn 


Status Affected: 




Encoding: 


1011 


0010 


OBkk 


kkkk 


kkkk 


dddd 


Description: 


Comoute the AND of the literal operand and the contents of the working 




reaister Wn and olace the result in the workina reaister Wn. 


tion rather 


The bit selects byte or word operation. 


ir. 


The 'd' bits select the address of the workina reaistc 


The V bits specify the literal operand, a siqned 10-bit number. 


Note: The extension .b in the instruction denotes a byte opera 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required, 


Words: 


1 


Cycles: 


1 


Example: 


AMD 


*123 r W7 ; AND 




Before Instruction 
After Instruction 
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TABLE 15 - ANDWF: And f and Ww 



Syntax: 




AND{.b> 


f 


f.Wwl 








































































































Operands; 


f f[0 81911 


Operation: 


(f).AND.(Ww) destination desiqnated by D 


Status Affected: 




Encoding: 


1011 


0110 


OBDf 


ffff 


ffff 


ffff 
















Description: 


Compute the AND of the contents of the working register and the contents of 




the file register and place the result in the destination designated by D: If the 


ootional Ww is soecified. D=0 and store result in Ww: otherwise, D=1 and 


store result in the file register^ 

The *B' bit selects byte or word operation. 


a byte operation rather 


The *D' bit selects the destination. 


i register. 


The 'f bits select the address of the file 


Note: The extension .b in the instruction denotes 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 




1 


Example: 


AND 


RAM135 r Ww ; And 




Before Instruction 
After Instruction 
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TABLE 16 - ASR: Arithmetic Shift Right Ws 



Syntax: 


{label:} 


ASR{.b} 


Ws. 


Wd 














rwdi 












[Ws]++, 


rwd]++ 












rwsi- r 


rwdi- 












[Ws++l r 


[Wd++1 












fWs~| r 


rwd-i 




















Operands: 


Ws «= fWO ... W151: Wd g fWO ... W151 


Operation: 


For word operation: 






rWs<15>>->Wd<15> 


(Ws<15>WWd<14>. 




rWs<14:l>WWd<13:0>. fWs<0>> C 


For bvte operation: 

(Ws<7>> -> Wd<7>. (Ws<7>l -> Wd<6>. 


rWs<6: 1 y> Wd<5:0>. (Ws<0>^ -> C 


C »►[£] 


Status Affected: 


C. N. OV. Z 


Encoding: 


1101 


0001 


lBqq 




qddd 


dppp 


ssss 
















Description: 


Shift the contents of the source register Ws one bit to the right and 




Dlace the result in the destination reaister Wd. Shift the MSB back into 


itself. The Carrv Flaa is set if the LSB of Ws is '1*. 




The 'B' bit selects byte or word operation. 


lister. 


The 's' bits select the address of the source rec 


The 'd' bits select the address of the destination reaister. 


The 'p' bits select source address mode 2. 




The 'q' bits select destination address mode 2. 


sina information. 


See Table 1-5 and Table 1-6 for modifier addres 


Note: The extension .b in the instruction denotes a byte operation 


rather than a word operation. You may use a .w extension to 
denote a word operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


ASR 


W5 r W6 ; Arithmetic shift riqht 




Before Instruction 
After Instruction 
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TABLE 17 - ASRF: Arithmetic Shift Right f 



Syntax: 


{label:} 


ASR{.b) 


f 


f.Wwl 








































































































Operands: 


f efO ...81911 


Operation: 


For word operation: 






(f<15>WDest<15>. 


ff<15>t-> Dest<14> 




(f<14:1>WDest<13:0> r (f<0» ^ C 


For byte operation: 

(f<7» _> Dest<7>. ff<7>) -> Dest<6> r 


(f<6:1>) ^ Dest<5:0>. ff<0>^ C 




Status Affected: 


C. N. OV. Z 


Encodings 


1101 


0101 


lBDf 


ffff 


ffff 


ffff 
















Description: 


Shift the contents of the file register f one bit to the right through the 




carry flaq and place the result in the destination designated by D: If 


the ootional Ww is soecified. D=0 and store result in Ww: otherwise, 


D=1 and store result in the file reqister. 




The bit selects bvte or word ooeration. 


The 'D' bit selects the destination. 




The T bits select the address of the file register. 


operation 


Note: The extension .b in the instruction denotes a byte < 


rather than a word operation. You may use a .w extension to 


denote a word operation, but it is not reguired. 


Words: 


1 


Cycles: 


1 


Example: 


I 




RAM 135. Ww ; Arithmetic shift right 




Before Instruction 
After Instruction 
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TABLE 18 - ASRK: Arithmetic Shift R ight bv Short Literal 



Syntax: 



{label:} ASR 



U15. 



Wnd 



Operands: 



Wb «= rWQ ... W 151: Iit5 f r 0...311: Wnd e fWO ... W151 



Operation: 



lit5<3:0>->Shift Val 



0-»Shift ln<39:32> 



Wb<15:0>->Shift ln<31:16> 



0->Shift ln<15:0> 



0->Shift Out<39:32> 



Shift ln<31>->Shift Out<32:32-Shift Val> 



Shift ln<31:Shift Val>->Shift Out<31-Shift Val:0> 



llf Iit5<4>==0: Mess than 161 
Shift Out<31:16>->Wnd 
Shift Out<15:0>->CARRY1 



0->CARRYO 



If Iit5<4>==1 : 1 16 or greater! 

Shift Out<31:31>->Wnd<15:0> 



Shift Out<31:16>->CARRY1 
Shift Out<15:0>->CARRY0 



Status Affected: 



Encodinai 



1101 



1110 



lwww 



wddd 



dllk 



kkkk 



Description: Arithmetic shift right the contents of the source register Wb by Iit5 bits 



(up to 31 positions), placing the result in the destination register Wnd. 



Bits that are shifted beyond the rightmost position of the source are 



stored in the CARRY1 and CARRYQ registers. 



The Z and SZ bits will be set if the value placed in Wnd is zero and 



cleared otherwise. The C bit will be set if any of the bits shifted out 



were set (in other words, if the resultant CARRY is non-zero) and 



cleared otherwise- 



Note: This instruction operates in word mode only. 



Words; 
Cycles: 
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TABLE 19 ■■ ASRW: Arithmetic Shift Right bv Wns 



Syntax: 



(laheLQ ASR 



Wb, 



Wns, 



Wnd 



Operands: 



Wb f fWQ ... W151: Wns f rWQ ...W151: Wnd e fWO ... W151 



Operation: 



Wns<3:0>->Shift Vat 



O^Shift ln<39:32> 



Wb<15:0>-*Shift ln<31:16> 



0->Shift ln<15:0> 



0->Shift Out<39:32> 



Shift ln<31>->Shift Out<32:32-Shift Val> 



Shift ln<31:Shift Val>->Shift Out<31-Shift Val:Q> 



lfWns<4>==0: (less than 16) 
Shift Out<31:16>->Wnd 



Shift Out<15:0>^CARRY1 



0-»CARRYO 



If Wns<4>==1: (16 or greater) 
Shift Out<31:31>-»Wnd<15:0> 



Shift Out<31:16>^CARRY1 



Shift Out<15:0>-^CARRYQ 



Status Affected: 



Encoding: 



1101 



1110 



lwww 



wddd 



dOOO 



ssss 



Description: 



Arithmetic shift right the contents of the source register Wb by Wns bits (up 



to 31 posi tions) r pl acing the result in the destination regist er Wnd. Bits that 



are shifted beyond the rightmost position of the source are stored in the 



CARRY1 and CARRYQ registers. 



The Z and SZ bits will be set if the value placed in Wnd is zero and cleared 



otherwise. The C bit will be set if any of the bits shifted out were set (in other 



words, if the resultant CARRY is non-zero) and cleared otherwise. 



Note: This instruction op e rates in word mode only. 



Words: 
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TABLE 20 - BC: Branch if Carry 



Patent 



Syntax: 


{laheia 


BRA 




S1M6 








{label:} 


BRA 


GELL 




























































































Operands: 


Slit16 f T-32768 ... +327671 




Operation: 


Condition = C 


+ 2*Slit16 -t PC. and NOP + Instruction Reaister. 




If (condition), then (PC+2) 




Status Affected: 


None 


Encoding: 


0011 


0001 


nnnn 


nnnn 


nnnn 


nnnn 


Description: 


If the Carry bit is T. then the orogram will branch. 


added to the PC. Since 




The 2's complement number ( 2*Slit16' (the offset) is 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction with 


a NOP in the second cvcle. 

The l n' bits are a signed literal that specifies the number of instructions offset 


from /PC+2). 


Words: 


1 


Cycles: 


112) 


Example; 




CJabel ^Branch if Carry 




Before Instruction 
After Instruction 
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TABLE 21 - BCLRF: Bit Clear f 



Syntax: 


{lafaeh} 


BCLRJi 


I 


bit3 








































































































Operands: 


bit3 <= ro ... 71 


;fe m...819 


U 


Operation: 


0 -> f<bit3> 


Status Affected: 


None 


Encoding: 


1010 


1001 


hbhf 


m 


m 


m 


Description: 


Bit 'bit3' in file reaister f is cleared. 






The 'b' bits select value bit3 of the bit nosition to be cleared. 




The T bits select the address of the file register. 




Note: This instruction operates in byte mode only. 




Note: The .b extension must be included with the opcode. 






Words: 


1 




1 


Example: 


1 




RAM135 r #5 ; Clear bit 5 in RAM135 




Before Instru 


Lciion 




After Instruction 
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TABLE 22 - BGE: Branch if Signed Greater Than or Equal 



Syntax: 


{labels 


BRA 


GE, 


Slitlfi 








































































































Operands: 


Slit16 f T-32768 ...+327671 


Operation; 


Condition = (N&&OV)ll(!N&&!OV) 


, C, and NOP -> Instruction Register. 




If (Condition), then (PC+2) + 2*Slit16 -> F 




Status Affected: 


None 


Encoding: 


0011 


1101 


nnnn 


nnnn 


nnnn 


nnnn 


Description: 


If the branch condition is met, then the program will branch. 


>C. Since 




The 2's comolement number '2*Slit16' (the offset) is added to the F 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, with 


a NOP in the second CVCle. 

The 'n' bits are a signed literal that specifies the number of instructions offset 


from (PC+2). 


Words: 


1 


Cycles; 


112) 


Example: 


BRA GE, label ;_Branch if Greater Than or Equal 




Before Instruction 
After Instruction 
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TABLE 23 - BGT: Branch if Signed Greater Than 



Syntax: 


(labels 


BRA 




Slitlfi 








































































































Operands: 


Slit16 f-32768 ... +327671 


Operation: 


Condition = f!Z&&N&&OV)l|f!Z&&!N&&!OV): 


-> Instruction Register. 




If (Condition), then (PC+2) + 2*Slit16 -> PC. and NOP - 




Status Affected: 


Mane 


Encoding: 


0011 


1100 


nnnn 


nnnn 


anno 


nnnn 


Description: 


If the branch condition is met, then the program will branch. 


PC. Since 




The 2's comolement number l 2*Slit16' (the offset) is added to the 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cvcle instruction, with 


a NOP in the seconcLcyele. 

The 'n' bits are a signed literal that specifies the number of instructions offset 


from fPC+2). 


Words: 


1 


Cycles: 




Example: 


BRA 


GT, label ^Branch if Greater Than 




Before Instruction 
After Instruction 
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TABLE 24 - BGTU: Branch If Unsigned Greater Than 



Syntax: 


flahekl 


BRA 


GTU, 


Slitlfi 








































































































Operands: 


Slit16 e T-32768 ... +327671 


Operation: 


Condition = (C&&IZ); 


+ 2*Slit16 PC. and NOP -> Instruction Reaister. 




If {Condition), then fPC+2> 




Status Affected: 


None 


Encoding: 


0011 


1110 


rump 


nnnn 


nnnn 


nnnn 


Description: 


If the branch condition is met. then the program will branch. 


C. Since 




The 2's complement number '2*Slit16' /the offset) is added to the P 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Sljt16 . This instruction is then a two-cycle instruction, with 


a NOP in the second cycle, 

The 'n' bits are a signed literal that specifies the number of instructions_offs£l 


from /PC+2V 


Words: 


1 


Cycles: 


1X2) 


Example: 


BRA GTU, label ; Branch if Unsigned Greater Than 




Before Instruction 
After Instruction 
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TABLE 25 - BLE: Branch if Signed Less Than or Equal 



Syntax: 




BRA 




Slitlfi 








































































































Operands; 


Slit16 f T-32768 ... +327671 


Operation! 


Condition = ZII/N&&!OVHinN&&OV>: 


>C, and NOP -> Instruction Register. 




If (Condition*, then fPC+2> + 2*Slit16 F 




Status Affected: 


None 


Encoding: 


0011 


0100 


nnnn 


nnnn 


nnnn 


nnnn 
















Description: 


If the branch condition is met, then the program will branch. 


C. Since 




The 2's comnlement number l 2*Slit16' (the offset* is added to the P 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, with 


a NOP in the secondj^ycJe* 

The 'n* bits are a siqned literal that specifies the number of instructions offset 


from (PC+2). 


Words; 


1 


Cycles: 


im 


Example: 


BRA LE f label ; Branch if Less Than or Equal 




Before Instruction 
After Instruction 
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TABLE 26 - BLEU: Br anch If Unsigned Less Than or Equal 



Syntax: 


flaheig 


BRA 


LEU. 


Slitlfi 








































































































Operands: 


Slit16 f r-32768 „ +327671 


Ope rati am 


Condition = !C||Z; 


+ 2*Slit16 PC. and NOP -> Instruction Reaister. 




If (Condition). then fPC+2) 




Status Affected: 


None 


Encoding: . 


0011 


0110 


nnnn 


nnnn 


nnnn 


nnnn 
















Description: 


If the branch condition is met r then the program will branch, 


C. Since 




The 2's comolement number '2*Slit16' (the offset) is added to the P 


the PC will have incremented to fetch the next instruction, the new address 


will be fPC+2) + 2*Slit16 . This instruction is then a two-cycle instructioiL_wilh 


a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions offset 


from fPC+2). 


Words: 


1 


Cycles: 


li2) 


Example: 


BRA LEU, label ; Branch if Unsigned Less Than or Equal 




Before Instruction 
After Instruction 
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TABLE 27 - BLT: Branch if Signed Less Than 



Syntax: 


{label:} 


BRA 




Slitlfi 








































































































Operands: 


Slit16 f N32768 ... +327671 


Operations 


Condition = fN&&!OVHIf!N&&OW: 


> C, and NOP -> Instruction Register. 




If (Condition^ then fPC+2> + 2*Slit16 F 




Status Affected: 


None 


Encoding: 


0011 


0101 


nnnn 


nnnn 


nnnn 


nnnn 
















Description: 


If the branch condition is met, then the program will branch. 


C. Since 




The 2's complement number '2*Slit16' (the offset) is added to the P 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slitl6 . This instruction is then a two-cycle instruction, with 


a NOP in the second-cycle. 

The 'n' bits are a signed literal that specifies the number of instructions offset 


from (PC+2*. 


Words: 


1 


Cycles: 




Example: 




BRA 


LT, label ; Branch if Less Than 




Before Instruction 
After Instruction 
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TABLE 28 - BN: Branch if Negative 



Syntax: 


flahehl 


BRA 




Slttlg 








































































































Operands: 


Slit16 e T-327 


B8 ... +32767] 


Operation: 


Condition = N 


then (PC+2) + 2*Slit16 -> PC. and NOP -+ Instruction Register. 




If (condition). 




Status Affected: 


None 


Encoding: 


0011 


0011 jnnnn 




nnnn 


nnnn 


nnnn 














Description: 


If the Negative Flag is '1', then the program will branch. 


C. Since 




The 2's complement number '2*Slit16' (the offset) is added to the P 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cvcle instruction, with 


a NOP in the seconcLcycle* 

The 'n' bits are a signed literal that specifies the number of instructions_offset 


from (PC+2). 


Vtfords: 


1 


Cycles: 


Ii2) 


Example: 


BRA 


N, label ^-Branch if Negative 




Before Instruction 
After Instruction 
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TABLE 29 - BNC: Branch if Not Carry 



Patent 



Syntax: 




BRA 




Slit16 








(labels 


BRA 


LEL 




























































































Operands: 


Slit16^ r-32768 ... +327671 


Operation; 


Condition = !C 


h 2*Slit16 PC r and NOP Instruction Register. 




If (condition), then (PC+2) h 




Status Affected: 


None 


Encoding; 


0011 


1001 


nnnn 




nnnn 


nnnn 


nnnn 
















Description: 


If the Carrv bit is '0\ then t 


he program will branch. 


dded to the PC. Since 




The 2's complement number '2*Slit16' (the offset) is a 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, with 


a NOP in the second cycle* 

The 'n* bits are a signed literal that specifies the number of instructions offset 


from fPC+2>. 


Words: 


1 


Cycles: 


112) 


Example: 


BRA 


NC, label LBranch if Not£arry 




Before Instruction 
After Instruction 
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TABLE 30 - BNN: Branch if Not Negative 



Syntax: 


{lahaiq 


BRA 


NN. 


Slitlfi 








































































































Operands; 


Slit16F [-32768... +327671 




Operation; 


Condition = !N 


+ 2*Slit16 PC, and NOP Instruction Register. 




If (condition^, then (PC+2) 




Status Affected: 


None 


Encoding: 


0011 


1011 


nnnn 


nnnn 


nnnn 


nnnn 














Description; 


If the Negative Flag is '0', then the program will branch. 


PC. Since 




The 2's comolement number *2*Slit16' (the offset) is added to the 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, with 


a NOP in the second cycle, 

The ( n' bits are a signed literal that specifies the number of instructions offset 


from (PC+2). 


Words: 


1 


Cycles: 


112) 


Example: 




BRA 


NN, label ; Branch if Not Negative 




Before Instruction 
After Instruction 
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TABLE 31 - BNOV: Branch if Not Overflow 



Syntax: 


{label:} 


BRA 


NOV r 


Slitlfi 








































































































Operands; 


Slit16 1= F-32768 ... +327671 




Operation: 


Condition = !0V 


+ 2*Slit16 -> PC, and NOP Instruction Register. 




If {condition*, then fPC+2* 




Status Affected: 


None 


Encoding: 


0011 


1000 


nnnn 


nnnn 


nnnn 


nnnn 
















Description: 


if the Overflow Flag is *0' r then the proaram will branch. 


PC. Since 




The 2's complement number '2*Slit16' (the offset) is added to the 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, with 


a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions offset 


from /PC+2*. 


Words; 


1 


Cycles: 


112) 


Example; 




BRA 


NOV T label ;_Branch if Not OYerflow 




Before Instru 
After Instruct 


otion 
ion 
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TABLE 32 - BNZ: Branch if Not Zero 



Syntax: 




BRA 




Slit16 








































































































Operands: 


SI it 1 6 f= [-32768 . . .+32767] 




Operation: 


Condition = !Z 


+ 2*Slit16 PC. and NOP -> Instruction Reaister. 




If f condition*, then fPC+21 




Status Affected: 


None 


Encoding: 


0011 


1010 


nnnn 


nnnn 


nnnn 


nnnn 
















Description: 


If the Zero Flap; is t 0' I then the program will branch. 


added to the PC. Since 




The 2's complement number '2*Slit16' /the offsets is 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, with 


a NOP in the second cvcle. 

The 'n' bits are a siqned literal that specifies the number of instructions offset 


from /PC+2*. 


Words: 


1 


Cycles: 




Example: 




BRA 


NZ r label ; Branch if Not Zero 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 33 - BOA: Branch if Overflow Accumulator A 



Syntax: 




BRA 


OA. 










































































































Operands: 


Slit16e F-32768... +327671 




Operation: 


Condition = OA 


+ 2*Slit16 -> PC, and NOP Instruction Register. 




If (condition), then I PC+2* 




Status Affected: 


None 


Encoding: 


0000 


1100 Innnn 


nnnn 


nnnn 


nnnn 














Description: 


If the OA Flag is '1', then the program will branch. 


added to the PC. Since 




The 2's complement number '2*Slit16' (the offset) is 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, with 


a NOP in the second cycle* 

The 'n' bits are a signed literal that specifies the number of instructions offset 


from (PC+2). 


Words: 


1 


Cycles: 


li2) 


Example: 


BRA OA, label ; Branch if Accumulator A Overflow 




Before Instruction 
After Instruction 
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TABLE 34 -■ BOB: Branch if Overflow Accumulator B 



Syntax: 




BRA 


QB* 


SlitlB 








































































































Operands: 


Slit 16 e T-32768 ... +327671 




Operation: 


Condition = OB 


+ 2*Slit16 -> PC. and NOP Instruction Register. 




If (condition), then (PC+2) 




Status Affected: 


None 


Encoding: 


0000 


1101 jnnnn 


nnnn 


nnnn 


nnnn 














Description: 


If the OB Flaq is l 1\ then the program will branch. 


added to the PC. Since 




The 2's comolement number ( 2*Slit16' /the offset) is 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, with 


a NOP in the second CYCle. 

The 'n' bits are a siqned literal that soecifies the number of instructions offset 


from (PC+2). 


Words: 


1 




112) 


Example: 


BRA OB, label ^Branch if Accumulator B Overflow 




Before Instruction 
After Instruction 
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TABLE 35 - BOV: Branch if Overflow 



Syntax: 


{lahetl 


BRA 




aiitie 








































































































Operands; 


Slit16F T-32768 . +327671 




Operation: 


Condition = OV 


+ 2*Slit16 -» PC r and NOP -> Instruction Register. 




If (condition), then (PC+2) 




Status Affected: 


None 


Encoding: 


0011 


0000 


nnnn 


nnnn 


nnnn 


nnnn 












Description: 


If the Overflow Flag is T. then the program will branch. 


PC. Since 




The 2's comolement number '2*Slit16' /the offset) is added to the 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*Siiti6 . This instruction is then a two-cycle instruction, with 


a NOP in the second-cycle. 

The 'n' bits are a signed literal that soecjf jes the number of instructions_offS£t 


from (PC+21. 


Words: 


1 


Cycles: 


112) 


Examples 




BRA 


OY. label ; Branch if Overflow 




Before Instruction 
After Instruction 
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TABLE 36 - BRA: Branch Unconditionally 



Syntax: 




BRA 


Slitlfi 










































































































Operands: 


Slit16 f N32768 ... +32767] 


Operation: 


(PC+2) + 2*Slit16 PC. and NOP Instruction Reaister. 


Status Affected: 


None 


Encoding: 


0011 


0111 


nnnn 


nnnn 


nnnn 


nnnn 












Description: 


The program will branch unconditionally, 


added to the PC. Since 




The 2's comolement number '2*Slit16* (the offset) is 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + 2*siitl6 . This instruction is then a two-cycle instruction, with 


a NOP in the seconcLcycJe* 

The 'n' bits are a signed literal that specifies the number of instructions_oifS£t 


from (PC+2). 


Words: 


1 


Cycles: 


2 


Example: 




BRA 


label ;_Branch unconditionally 




Before Instruction 
After Instruction 





HOUO 1 :867605 HOU02: 1 00693 3. 1 l flflllM. 



-69- 



Client Reference No. MTT-2095.IJS.0 Patent 



TABLE 37 - BRAW: Co mputed Branch 



Syntax: 


flaheiq 


BRA 


Wn 










































































































Operands 


Wn g fWO ... 1 


ms\ 


Operation: 


(PC\ +2 + (2 * iWnN -> PC, NOP Instruction Register. 


Status Affected: 


None 


Encoding: 


0000 


0001 


0110 


0000 


0000 


ssss 














Description: 


Computed branch with a jump up to 32K instructions forward or 


backward 




from the current location. 

The sign extended 17-bit value (2 * (Wn)) is added to the contents of the PC 


and the result is stored into the PC. BRAW is a two-cycle instruction. 


The 's' bits select the address of the source register. 


Words: 


1 


Cycles: 


2 


Example: 




BRA 


W11 


: Branch to PC+W11 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 38 - BSA: Branch if ACCA Saturation 



Syntax: 


{laheiq 


BRA 


SA* 


Slitlfi 








































































































Operands: 


Slit16 <= T-32768 ... +327671 




Operation: 


Condition = SA 


+ 2*Slit16 PC. and NOP Instruction Register. 




If (condition), then (PC+2) 




Status Affected: 


None 


Encoding; 


0000 


1110 


nnnn 


nnnn 


nnnn 


nnnn 
















Description: 


If the ACCA Saturation Flag is *1\ then the program will branch, 


PC. Since 




The 2's comolement number '2*Slit16' (the offset) is added to the 


the PC will have incremented to fetch the next instruction, the new address 


will be fPC+2t + 2*Slit16 . This instruction is then a two-cycle instruction, with 


a NOP in the second cycle. 


cifies the number of instructions offset 


The 'n' bits are a sianed literal that see 


from fPC+2V 


Words: 


1 


Cycles: 


142) 


Example: 


I 


BRA 


5A f label ^Branch if ACCA Saturation 




Before Instru 
After Instrucl 


iciion 
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TABLE 39 - BSB: Branch if ACCB Saturation 



Syntax: 


(lahehl 


BRA 


SB, 


SlitUB 








































































































Operands: 


Slit16 f T-32768 ... +327671 




Operation; 


Condition = SB 


+ 2*SIit16-> PC. and NOP Instruction Register. 




if (condition), then (PC+2) 




Status Affected: 


None 


Encoding: 


0000 


1111 


nnnn 


nnnn 


nnnn 


nnnn 














Description; 


If the ACCB Saturation Flap is T, then the program will branch* 


PC. Since 




The 2's complement number 4 2*Slit16' (the offset) is added to the 


the PC will have incremented to fetch the next instruction, the new address 


will be (PC+2) + n. This instruction is then a two-cycle instruction, with a NOP 


in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions offset 


from fPC+2). 


Words; 


1 


Cycles: 


142) 


Example: 




BRA 


SB, label ; Branch if ACCB Saturation 




Before Instruction 
After Instruction 
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TABLE 40 - BSETF: Bit Set f 



Svntax: 


flabeig 


BSELb 




bit3 








































































































Operands: 


bit3 <= TO ... 71; f <= [0 ... 81911 


Operation: 


1 f<bit3> 


Status Affected: 


None 


Encodings 


1010 


1000 


bbbf 


ffff 


ffff 


ffff 
















Descriotion: 


Bit 'b^' in file register f is set. 






The 'b' bits select value bit3 of the bit oosition to be cleared. 




The T bits select the address of the file register. 


Iv. 


Note: This instruction operates in bvte mode on 


Mote: The b extension must be included with the opcode. 




Words; 


1 


Cycles: 


1 


Example: 




BSELB 


RAM135, #5 ; Set bit 5 in RAM135 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 41 - BSW: Bit Write in Ws 



Syntax: 


UabeL} 


BSWLC 


Ws, 


Wb 










BSMLZ 


[Ws], 














rwsi++. 














rwsi» f 














[Ws++] T 














rws~i. 




































Operands: 


Wb f rWO ... W151: Ws g rWO ... W151 


Operation: 


If ".Z" ootion. then -j Qa<(Qpb> 






nunnDnnnnnnnnnnn-> Ws<(Wb)> 


Status Affected: 


None 


Encoding 


1010 


1101 


Zwww 


wOOO 


Oppp 


ssss 
















Description: 


Bit (Wb) in register Ws is written with the value of the C or Z bit. 






The V bits select the address of the bit select register. 


The 4 Z' bit selects the Z or C flag bit as source. 




The *s' bits select the address of the source register. 




The 'p' bits select source address mode 2. 


See Table 1-5 for modifier addressing information. 




Words; 


1 


Cycles: 


1 


Example: 


BSttLZ 


W5 r W6 ; Test/Set bit 




Before Instruction 






After Instruction 
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TABLE 42 - B TFSC: Bit Test f. Skip if Clear 



Syntax: 




BISCJj 


L 


hit3 








































































































Operands: 


bit3 <= TO ... 71; f G [0... 8191] 


Operation: 


Test (f)<bit3> t skip if clear 


Status Affected: 


None 


Encoding: 


1010 




1111 


bbbf 




ffff 


ffff 


ffff 
















Description: 


Bit 'bit3' in (f) is tested. If the bit is '0\ then the fetched instruction is discarded 




and on the next cvcle a NOP is executed instead. 




The 'b' bits select the value bit3 of the bit oosition to be tested. 




The T bits select the address of the file register. 


lv. 


Note: This instruction ooerates in bvte mode on 


Note: The b extension must be included with the opcode. 




Words: 


1 


Cycles: 


1 (2 or 31 


Example: 




BTSC.b 


RAM135, #5 


; Bit test bit 5 in RAMI 35 , skip if 








clear 




Before Instruction 
After Instruction 
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TABLE 43 - BTFSS: Bit Test f. Skip if Set 



Syntax: 


flabel:! 


BTSS.b 


I 


bit3 








































































































Operands: 


bit3 e TO ... 71; f e [0 ... 8191] 


Operation; 


Test (f)<bit3>. skip if set 


Status Affected: 


Hone 


Encoding: 


1010 


1110 


bbbf 


ffff 


ffff 


ffff 












Description ■ 


Bit 'bit3' in (ft is tested. If the bit is '1'. t 


tien the fetched instruction is discarded 




and on the next cycle a NOP is executed instead. 




The 'b' bits select value bit3 of the bit position to be cleared. 




The 'f bits select the address of the file register. 


lY. 


Note: This instruction operates in byte mode on 


Note: The .b extension must be included with the opcode. 




Words: 


1 


Cycles: 


1 (2 or 3) 


Example: 


BTSS.b RAMI 35, #5 ; Bit test bit 5 in RAMI 35. skin if set 




Before Instruction 
After Instruction 
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TABLE 44- BTGF: Bit Toggle f 



Syntax: 


(laheLJ 


BHLh 


L 


bJt2 








































































































Operands: 


bit3 £ TO ... 71: f g [0 ... 8191] 


Operation: 


(f)<bit3> ->(f)<bit3> 


Status Affected: 


None 


Encoding: 


1010 


1010 


bbbf 


ffff 


ffff 


ffff 












Description: 


Bit 'bit3' in fi 


e register f is toggled. 






The 'b' bits select value bit3 of the bit Dosition to be cleared. 




The 'f bits select the address of the file reqister. 


Iv. 


Note: This instruction onerates in bvte mode on 


Note: The b extension must be included with the opcode. 




Words: 


1 


Cycles: 


1 


Example: 




BI£Lh 


RAM135, #5 ; Toqqle bit 5 in RAM135 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 45 - BTSC: Bit Test Ws. Skip if Clear 



Patent 



Syntax: 


(label:) 


BISC 


tofs. 


bit4 












fWsl r 














fWsl++ f 














fWsl~ r 














fWs++r 














rws--i f 




































Operands: 


bit4 «= [0 ... 15]; Ws <= [WO ... W15] 


Operation: 


Test (Ws)<bit4>, skip if clear. 


Status Affected: 


Hqxxb 


Encoding: 


1010 [0111 jbbbb 


0000 


Oppp 


ssss 












Description; 


Bit 'bit4' in fWsl is tested. If the bit is '0', then the fetched instruction is 




discarded and on the next cycle a NOP is executed instead. 




The 'b' bits select value bit4 of the bit position to be tested. 


The 's' bits select the address of the source register 




The 'p' bits select source address mode 2 (values_Q^ 


See Table 1-5 for modifier addressing information. 


llY. 


Note: This instruction ooerates in word mode or 




Words: 


1 




1 (2 or 3) 


Example: 




BISC 


W6 r #5 ; Test bit 5 in W6 r skip if clear 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 46 - BTSS: Bit Test Ws. Skip if Set 



Patent 



Syntax: 


flahehl 


BISS 


Ws. 


bit4 












[Ws] t 














rws]++ t 














rwsi-- r 














fWs++l r 














[Ws«l r 




































Operands: 


bit4 e\0 ... 151 


; Ws e fWO ... W151 


Operation: 


Test (Ws)<bit4>. skip if set. 


Status Affected: 


None 


Encoding: 


1010 10110 bbbb 


0000 


Oppp 


ssss 












'Description: 


Bit 'bit4' in fWs* is tested. If the bit is "T, then the fetched instruction is 




discarded and on the next cycle a NOP is executed instead. 




The 'b' bits select the value bit4 of the bit oosition to be tested. 


The 's' bits select the address of the source register. 


Li- 


The 'p' bits select source address mode 2 (values 0-4 


See Table 1-5 for modifier addressing information. 


lly. 


Note: This instruction ooerates in word mode oi 




Words: 


1 




1 (2 or 3) 


Example: 




BISS 


W6. #5 : Test bit 5 in W6 r skip if set 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 47 - BTST: Bit Test in Ws 



Patent 



Syntax: 


(laheLl 


BTST.C 




hi!4 










BTSTZ 


[Ws], 














fWsl++ r 














rwsi~. 














fWs++l f 














fWs-L 




































Operands: 


bit* f TO ... 151: Ws f rWO ... W151: 


Operation: 


if " Z" options) < bitA > z 






if "C" ootion. <Wsl<bit4> C 


Status Affected: 


CorZ 


Encoding; 


1010 


0011 


bbbb 


zooo 


Oppp 


ssss 
















Description; 


Bit 'bit4' in reqister Ws is tested. 


the bit or the Carrv flaa contains the 




The Zero flaa contains the inversion of 1 


biL 

The 'b* bits select value bit4 of the bit position to be test/set. 




The *Z' bit selects the Z or C flag bit as destination. 




The 's* bits select the address of the source register. 




The 'p* bits select source address mode 2. 


See Table 1-5 for modifier addressina information. 


Note: This instruction operates in word mode only. 






Words: 


1 


Cycles: 


1 


Example: 




BTST.C 


W6.#5 ; Test bit 5 in W6 to the C flaq 




Before Instru 


ction 




After Instruction 
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TABLE 48 - BTSTF: Bit Test f 



Syntax: 


(laheU 


BISU* 


I 


bit3 








































































































Operands: 


bit3Fm ... 71: f FfO ... 81911 




Operation: 




Status Affected: 


z 


Encoding: 


1010 


1011 


bbbf 


ffff 


ffff 


ffff 
















Description; 


Bit <bit3' in fi 


e reaister f is tested, the Zero Flag bit is set if it is zero and 




cleared otherwise. The file reqister contents are unchanged. 




The ( b' bits select value bit3 of the bit position to be cleared. 


The T bits select the address of the file register. 


V. 


Note: This instruction operates in byte mode onl 


Note: The .b extension must be included with the opcode. 






1 




1 


Example: 


E 


tTST.b 


RAM135 T #5 ; 


Test bit 5 in RAMI 35 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 49 - BTSTS: Bit Test/Set in Ws 



Syntax: 


flafaehl 


BTSTS.C 


Ws* 


bit4 










BISISZ 


rwsi, 














rwsi++ f 














fWsl» t 














[Ws+H 














rws--i r 




































Operands: 


bit4FrO.„15l;WsFrWO _W151 


Operation: 


if " Z" ootion. fir^*A/s)<bit4> _> z r then 1 Ws<bit4> 






if ".C" ontion. first fWs><bit4> C. then 1 Ws<bit4> 


Status Affected: 


C-OilZ 


Encoding: 


1010 


0100 


bbbb 


zooo 


Oppp 


ssss 












Description: 


Bit 'bit4' in register Ws is tested and then set. 






The 'b' bits select the value bit4 of the bit oosition to be test/set. 




The *Z' bit selects the z or C flag bit as destination. 




The *s' bits select the address of the source register. 




The 'p' bits select source address mode2* 


See Table 1-5 for modifier addressing information. 


Note: This instruction operates in word mode only. 






Words: 


1 


Cycles: 


1 


Example: 


E 


ITSTSZ 


W6 r #5 ; 


Test/Set bit 5 in W6 to the Z flag 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 50 - BTSTSF: Bit Test/Set f 



Syntax: 


flahfehl 


BTSTS.b 


I 


bit3 








































































































Operands 


bit3 e TO ... 71; f f [0 ... 81911 


Operation! 


Firstm<bit3> Z. then 1 (f)<bit3> 


Status Affected: 


Z 


Encoding: 


1010 


1100 


bbbf 


ffff 


ffff 


ffff 














Description: 


Bit 'bit3' in fi 


e register f is tested and then set. 






The 'b' bits select value bit3 of the bit oosition to be cleared. 




The T bits select the address of the file register. 


Y. 


Note: This instruction operates in byte mode on 


Note: The b extension must be included with the opcode* 




Words: 


1 


Cycles: 


1 


Example: 


E 


H"STS.b 


RAM135 T #5 ; Test/Set bit 5 in RAM135 




Before Instru 


ction 




After Instruction 
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TABLE 51 - BTSTW: Bit Test in Ws 



Patent 



Syntax: 


{label:} 


BTST.C 


Wsu 


Wb 










EISLZ 


fWsl, 














rwsi++ f 














fWsl- r 














fWs++] t 














[Ws-] f 




































Operands: 


Wb g HA/0 ... W151: Ws g rWO W15] 


Operation: 


if " Z" option(Ws)<(Wb)> -> Z 






if ^C" ootion. <WsWWb>> C 


Status Affected: 


C-onZ 


Encoding: 


1010 


0101 


Zwww 


wOOO 


Oppp 


ssss 












Description: 


Bit (Wb) in register Ws is tested. 


the bit or the Carry flag contains the 




The Zero flag contains the inversion of 1 


WL 

The 'w' bits select the address of the bit select register. 




The 'Z' bit selects the Z or C flag bit as destination. 




The 's' bits select the address of the source register. 




The 'p' bits select source address mode 2. 


See Table 1-5 for modifier addressing information^ 




Words; 


1 


Cycles: 


1 


Example: 


E 


tTST.C 


W5 f W6 


; Test bit in W5 selected by W6 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 52 - BZ: Branch if Zero 



Syntax: 


flahfiLl 


BRA 


BZ. 


Slit16 








































































































Operands! 


Slit16 f f-32768 +327671 


Operation: 


Condition = Z 


+ 2*Slit16 -4 PC. and NOP -> Instruction Reaister. 




if {condition), then ( PC+2) 




Status Affected: 


None 


Encoding: 


0011 


0010 


nnnn 


nnnn 


nnnn 


nnnn 
















Description: 


If the Z Flag is '1'. then the program will branch* 


added to the PC. Since the 




The 2's comolement number '2*Slit16' (the offset) is ; 


PC will have incremented to fetch the next instruction, the new address will be 


(PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, with a NOP 


in the second cycle* 

The 'n' bits are a siqned literal that specifies the number of instructions offset 


from /PC+2). 


Words: 


1 




112) 


Example: 


BRA 


ZJahei i 


Branch if Zero 




Before Instruction 
After Instruction 
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TABLE 53 - CALL: Call Subroutine 



Patent 



Syntax: 


Oabeig 


CALL 


li!23 












CALLUS 






























































































UpcrallUS. 


Iit23 f rO ... 8388606] 


uperatiQTL 


(PCI +4->PC. 






<PC<15:0» TOS. 


<W15l+2->W15 


rPC<23:16»->TOS 


(W15)+2-*W15 


Iit23 PC r NOP ^ Instruction Register. 


ito the shadow registers. 


If S = 1. copy the contents of the primary registers ir 




Status Affected: 


Mo_ne 


Encoding: 
















1st word 


0000 


001S 


nnnn 




nnnn 


nnnn 


nnnO 
















2nd word 


0000 


0000 


0000 




0000 


Onnn 


nnnn 
















Description: 


Subroutine call of entire 4 


VI instruction program memory range. F 


rst, return 




address (PC +4) is pushed onto the return stack (24-bits wide). 


vcle 


Then the 24-bit value '11123' is loaded into the PC. CALL is a two-c 


instruction. 




The 'n' bits form the target address, 


►pied into the shadow registers. 


If 'S' = 1, the primary registers are cc 


If 'S' = 0, no update occurs. 






Words: 


2 


Cycles; 


2 


Example: 


CALL 


label 


; Call subroutine 




Before Instruction 






After Instruction 
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TABLE 54 - CALLW: Call Indirect Subroutine 



Eateni 



Syntax: 


(lafaeig 


CALL 


Wn 












CALLS 






























































































Operands: 


Wn e rWO. W151 


Operation; 


(PC) +2 -> PC. 






n>c<is:ft>*->TOS. 

f\V1^+2-> W15 
(PC<23:16M->TOS. 
(W15)+2-> W15 

0 PC<22:17>. fWn* PC<16:1> r 0 PC<0>: 




NOP Instruction Register. 


oiaius Mirecieu. 


None 


Encoding! 


0000 


0001 


sooo 


0000 


0000 


ssss 
















Description: 


Indirect subroutine call of first 64K instructions of nroaram memorv. First. 




return address (PC+2) is pushed onto the return stack. 


loaded into 


Then, the 16-bit value IWnl is left shifted 1 bit. zero-extended and 


the PC. CALL is a two-cycle instruction. 






Words: 


1 




2 


Example: 


CALL 


W5 indirect subrouting 




Before Instruction 
After Instruction 
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TABLE 55 - CLRAC: Clear Ac cumulator. P refetch Operands 



Syntax: 



(labeU 



CLR 



Wxp.fWxl 



WypJ W_yl 



AWB 



Wxp.rWx1+=kx 



Wyp,fWvl+=kv none 



Wxn,rWx].=kx t 



w Y prwvi-=kv 



WxpiW5+W81 



WvniW7+W81 



none 



nans 



t Alternate format for negative kx.ky 



Operands: 



Wxp f {WO ... W3>; Wx f flA/4. W5V kx f {-6, -4, -2. 2. 4. 61: 



Wvn f fWO . .. W3V Wv f W/fi W7V kv f f-6. -4. -2. 2. 4. 61: 



AWB f W/9 fW91++l 



Operation: 



ACCf A or B) 

rrwxn-»Wxp; (Wx)+kx- 



»Wx: 



frWvtt-»Wvp: fWvl+kv->Wv: 
f ACCfB or A)) rounded -> AWB 



Status Affected: 



OA, OB, S A. SB 



Encoding: 



1100 



0011 


AO xx 







jjaa 



Description: 



Clear the specified accumulator, prefetch operands and optionally store 



accumula tor results in prep aration for a repeated MAC type instruction. 
Wx register s pecifi es the pre fetch of the multiplier Wxp register. The prefetch 



is done with indirec t , indirect with post inc/dec, indirect with register offset, 



copy of the other prefetch or none. Post-modify Wx as requited. 



Wy regist er specifies the prefetch of the multiplier Wyp reg ister. Po st-modify 



Wy as required. 



AWB spec ifies the direct or indirect store of the convergen tly rounded 



contents of other accumulator, if requir ed. Note that the specification of (B or 



A) is cons istant wi th the MAC instruction. For example, cl rac A r W 9 will Store 



ACCB into W9. 



The 'A' bit selects the other accumulator used for write back. 



The 'i' bits select the Wx pre-fetch operation. 



The 'j' bits select the Wv pre-fetch operation. 



The 'x' bi ts select the pre-fetch Wxp destination. 



The V bits select th e pre-fet ch Wyp destination. 



The 'a' bits select the accumulator write-back destination. 



See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 



Example; 



CLR 



A T W0 T fW41- 
=6 r W1 T [W6 ] T fW9|++ 



Clear ACCA, prefetch, move 



ACCB to [W9H 



Before Instruction 



After Instruction 
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TABLE 56 - CLRF: Clear f or Ww 



Patent 



Syntax: 


{laheti 


CLRfJil 


f 














Ww 




























































































Operands; 


f g TO ... 81911 




Operation: 


0 -» destination designated bv_D 


Status Affected: 


Z 


Encoding: 


1110 


1111 


OBDf 




ffff 


ffff 


ffff 












Description: 


Clear the reaister desianated bv D: If the ODtional Ww is soecified. D=0 and 




clear Ww: otherwise. D=1 and clear the file reaister. Z flaa is set. 




The 'B' bit selects byte or word operation, 




The T bits select the address of the file reaister. 




The bit selects the destination. 




Note: The extension .b in the instruction denotes a bvte operation rather 


than a word ooeration. You may use a .w extension to denole_a 


word operation, but it is not reauired. 


Words: 


1 


Cycles: 


1 


Example: 




CLE 


345 ; Clear file register 345 




Before Instruction 






After Instruction 
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TABLE 57 - CLRWDT: Clear Watchdog Timer 



Syntax: 


OaheL} 


CLRWDT 












































































































Operands: 




Operation: 


0 -> WDT Reg 


Status Affected: 


-JQ PD 




1111 |1110 


0110 




0000 


0000 


0000 












Description! 


Clear the Watch Dog Timer register 


Words: 


1 


Cycles: 


1 


Example: 


CLRWDT 


; Clear Watchdog Timer 




Before Instruction 
After Instruction 
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TABLE 58 - COM: Complement Ws 



Patent 



Syntax: 




COMf.b} 


Ws. 


Wd 












DflteL 


EWdl 












[Wsl++, 


rwdi++ 












rwsi~ r 


rwdi- 












fWs++l r 


rwd++i 












fWs~1, 


[Wd-] 


































Operands: 


ws f rwo ... i 


lA/151; Wd e n 


WO .. . W151 


Operation; 


1 


Status Affected: 




Encoding: 


1110 


1010 




addd 


dppp 


ssss 










Description: 


Compute the 1's complement of the contents of the source register Ws and 




place the result in the destination registerJAfd, 




The 'B' bit selects byte or word operation. 


The 's' bits select the address of the source register. 


ition rather 


The c d' bits select the address of the destination register. 


The 'p' bits select the source address mode 2 (valuesJh4). 


The 'g' bits select the destination address mode 2 (values 0-4). 


See Table 1-5 and Table 1-6 for modifier addressing information. 


Note: The extension .b in the instruction denotes a byte opera 


than a word operation. You may use a .w extension to denote a 


word operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


COM 


W5 f W7 ; Complement 




Before Instruction 
After Instruction 
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TABLE 59 -- COMF: Complement f 



Syntax: 




COM{.b} 


f 


f,Ww) 








































































































Operands: 


f G TO ... 8191 




Operation: 


(f destination designated byJD 


Status Affected: 




Encoding: 


1110 


1110 


lBDf 


ffff 


ffff 


ffff 












Description: 


Compute the 1's complement of the contents of the file register and place the 




result in the destination designated by D: If the optional Ww is specified, D=0 


and store result in Ww: otherwise. D=1 and store result in the file reaister. 


The 'B' bit selects byte or word operation. 




The T bits select the address of the file reaister. 


The 'D' bit selects the destination. 




Note: The extension .b in the instruction denotes a byte operation rathfiC 


than a word operation. You may use a .w extension to denoie_a 


word operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


COMF 


RAM 135 ; Complement 




Before Instruction 
After Instruction 
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TABLE 60 - CP: Compare Wb with Ws. Set status flags 



Syntax: 


(laheU 


CPf.b) 


Wb. 


Ws 














[Ws] 














rwsi++ 














[Ws]~ 














fWs++1 














rws-i 


































Operands^ 


wb G rwo ... 1 


W151; Ws g P 


A/0 . .. W151 


Operation: 


(Ws) - (Wb) 


Status Affected: 


C, DC, N ( OV, Z 


Encoding: 


1110 


0001 JOwww 


wBOO 


Oppp 


ssss 












Description: 


Comoute (Ws) - fWbl. eauivalent to SUBR instruction, then set flaas but do 




not store result. 

The 'B' bit selects byte or word operation. 




The 'd' bits select source address mode 2. 


The 'w' bits select the address of the Wb source register. 




The 's' bits select the address of the Ws source register. 


See Table 1-5 for modifier addressing information. 




Note: The extension .b in the instruction denotes a byte operation rather 


than a word operation. You may use a .w extension to denote a 


word operation, but it is not reguired. 


Words: 


1 


Cycles: 


1 


Example: 


CE 


W5JM6 ^Skip 




Before Instruction 
After Instruction 
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TABLE 61 - CPB: Compare Wb with Ws with Borrow, set status flags 



Patent 



Syntax; 


(labeU 


CPBf.bl 


Wb* 


Ws 














[Ws] 














rwsi++ 














rwsi» 














rws++i 














fWs--1 


































Operands: 


Wb g fWO ... \ 


A/151: Ws «= fWO ... W151 


Operation: 


(Ws) - (Wb) - (C) 


Status Affected: 


C T DC. N r OV. Z 


Encoding: 


1110 


0001 


Iwww 


wBOO 


Oppp 


ssss 
















Description: 


Comoute fWs* - fWbl - (c). eauivalent to SUBRB instruction, then set flaas but 




do not store result. 

The 'B' bit selects byte or word operation. 




The 'o' bits select source address mode 2. 


The 'w' bits select the address of the Wb source register. 




The 's' bits select the address of the Ws source register. 


See Table 1-5 for modifier addressing information. 




Note: The extension b in the instruction denotes a byte operation rather 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not reguired. 


Words: 


1 


Cycles: 


1 


Example: 


CEB 


W5JM6 iSkiu 




Before Instruction 
After Instruction 
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TABLE 62 - CPBLS: Compare W b with Iit5 with borrow . Set status flags 



Syntax: 


flaheiq 


CEBUfl 


Wb, 


LitS 








































































































Operands! 


Wb e rwo ... \ 


I/V151; litS e [0 ... 311 


Operation: 


(Wb) - Iit5 - p ) 


Status Affected: 


C, DC r N, OV. Z 


Encoding: 


1110 


0001 


lwww |wB00 


011k 


kkkk 














Description; 


Compute (Wb\ - Iit5. set flaqs but do not store result. 






The 'B' bit selects byte or word operation. 


The *w' bits select the address of the Wb source register 


on rather 


The 'k' bits provide the literal ooerand. a five bit integer number. 


Note: The extension .b in the instruction denotes a byte ope rati 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not red ui red. 


Words: 


1 


Cycles: 


1 


Example: 


CPB 


W5 r #30 




Before Instruction 
After Instruction 
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TABLE 63 - CPF: Compare f with Ww. Set status flags 



Syntax: 


flaheia 


CP(.b) 


f 










































































































Operands: 


f <= [0 ...8191] 


Operation: 


(f)-(Ww) 


Status Affected: 


C. DC. N. OV. Z 


Encoding: 


1110 


0011 


OBOf 


ffff 


ffff 


ffff 
















Description: 


Compute If) - (Wd), set flags but do not store result. 


3 byte operation rather 




The 'B' bit selects bvte or word operation, 


The l f bits select the address of the file register. 


Note: The extension .b in the instruction denotes i 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


CP 


RAM 135 Compare 




Before Instruction 
After Instruction 
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TABLE 64 - CPFO: Compare f with 0x0000. Set status flags 



Syntax: 


flaheiq 


CPOfb} 


f 










































































































Operands: 


f g [0 ... 81911 




Operation; 


(f) - 0x0000 


Status Affected: 


C, DC, IM f OV r Z 


Encoding: 


1110 


0010 lOBOf 


ffff 


ffff 


ffff 














Description: 


Comoute (f) - 0x0000. set flaas but do not store result. 






The 'B' bit selects byte or word operation. 




The 'f bits select the address of the file register. 


a byte operation rather 


Note: The extension .b in the instruction denotes . 


than a word operation. You may use a .w extension to denote a_word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


CEO 


53 ; Compare 




Before Instruction 
After Instruction 
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TABLE 65 - CPFB: Compare f with Ww with Borrow. Set status flags 



Syntax: 


{laheia 


CPB/.bl 


f 










































































































Operands; 


f e [0 . 8191J 


Operation: 


(f) - (Ww) - 0 ) 


Status Affected: 


C r DC, N r OV T Z 


Encoding: 


1110 


0011 


lBOf 


ffff 


ffff 


ffff 
















Description: 


Comoute (f) - (Ww) - ( Vset^ flaas but do not store result. 






The 'B 5 bit selects byte or word operation. 




The T bits select the address of the file register. 


s a byte operation rather 


Note: The extension .b in the instruction denote 


than a word operation. You may use a .w extension to denotes 
WQtdoperation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


CPB 


RAM135 ; Compare RAM135-Ww 




Before Instruction 
After Instruction 
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TABLE 66 - CPLS: Compare Wb with Iit5. Set status flags 



Syntax: 


flabeig 


CPf.bl 


Wb. 


Ut5 








































































































Operands: 


Wb^rWO ... W151; litSefO... 311 


Operation; 


(Wb) - litS 


Status Affected: 


C. DC. N. OV. Z 


Encoding: 


1110 


0001 


Owww JwBOO 


011k 


kkkk 














Description: 


Compute (Wb) - Iit5, set flaqs but do not store result 






The *B' bit selects bvte or word o Deration. 


The *w' bits select the address of the Wb base register. 


tion rather 


The *k' bits provide the literal operand r a five bit integer number. 


Note: The extension .b in the instruction denotes a bvte ooeral 


than a word operation. You may use a ,w extension to denote a word 


operation T but it is not reauirecL 


Words: 


1 


Cycles: 


1 


Example: 




W5 r #30 




Before Instruction 
After Instruction 
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TABLE 67 - DAW: Decima l Adjust Wn 



Syntax: 


(lafaeU 


DAWJ2 


Wn 










































































































Operands: 


Wn e fWO ... 1 


AM 51 


Operation: 


If fWn<3:0> >91 or \DC = 11 then 






fWn<3:0» + 6->Wn<3:0> 


else. 

(Wn<3:0>) Wn<3:0>; 
If fWn<7:4> >9^ or \C = then 


(Wn<7:4>) + 6-4Wn<7:4> 


else 

fWn<7:4» Wn<7:4>: 


Status Affected: 


C 


Encoding: 


1111 


1101 


0100 




0000 


0000 


ssss 
















Description: 


DAW adjusts the eight bit value in Wn (LSB's) resulting from the earlier 




addition of two variables (each in packed BCD format) and produces a correct 


packed BCD resulL 

The 's' bits select the address of the source register. 




This instruction operates in byte mode only, 


The .b extension must be included with the opcode. 




Words: 


1 




1 


Example; 


DAW.b 


W5 


; Decimal adjust 




Before Instruction 

After Instruction 
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TABLE 68 - DEC: Decrement Ws 



Patent 



Syntax: 


{label:} 


DECfb} 


Ws. 


Wd 












fWsL 


DflMl 












[Ws]++ r 


[Wdl++ 












rwsi~ r 


[Wd]- 












Qflfs±±L 


fWd-n-1 












[Ws--]. 


rwd--i 


































Operands: 


Ws <= rWO ... W151: Wd {= rWO ... W151 


Operation: 


(Ws) - 1 Wd 


Status Affected: 


C. DC. N. OV. Z 


Encoding: 


1110 


1001 |0Bqq 


qddd 


dppp 


ssss 












Description: 


Subtract one from the contents of the source reaister Ws and olace the result 




in the destination register Wd. 

The bit selects byte or word operation. 




The ( s' bits select the address of the source reaister. 


The 'd' bits select the address of the destination register. 


ion rather 


The ( p' bits select the source address mode 2 (values 0-4). 


The 'q' bits select the destination address mode 2 (values 0-4). 


See Table 1-5 and Table 1-6 for modifier addressing information, 


Note: The extension .b in the instruction denotes a byte operat 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


DEC 


W5.W7 ^Decrement 




Before Instruction 
After Instruction 
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TABLE 69 - DEC2: Decrement Ws bv 2 



Syntax: 


flaheLl 


DEC2{.b} 


Ws. 


Wd 












rwsi. 


[Wd] 












fWsl++ r 


[Wdl++ 












fWsi~ r 


[Wd]- 












fWs++l r 


[Wd++] 












rws~i T 


fWd-1 


































Operands; 


Ws «= fWO ... W15]; Wd <= [WO ... W15] 


Operation; 


(Ws) - 2 Wd 


Status Affected: 


C. DC. N. OV. Z 


Encoding: 


1110 


1001 


IBqq 


qddd 


dppp 


ssss 








Description: 


Subtract two from the conl 


ents of the source register Ws and place the result in 




the destination register Wd. 

The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source reaister. 


The 'd' bits select the address of the destination register. 


ion rather 


The 'p' bits select the source address mode 2 (values 0-4). 


The 'q' bits select the destination address mode 2 (values 0-4). 


See Table 1-5 and Table 1-6 for modifier addressing information, 


Note: The extension .b in the instruction denotes a byte operal 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required, 


Words; 


1 


Cycles: 


1 


Example: 


[DEC2 


W5.W7 ^Decrement 




Before Instruction 
After Instruction 
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TABLE 70 - DECF: Decrement f 



Syntax: 


(lahabl 


DEC{.b> 


f 


(,Ww) 








































































































Operands 


f <= ro ... 81911 




Operation; 


(f) - 1 — > destination designated by D 


Status; Affected: 


C f DC, N, OV r Z 


Encoding: 


1110 


1101 


OBDf 


ffff 


ffff 


ffff 












Description! 


Subtract one from the contents of the file reaister anc 


place the result in the 




destination desianated bv D: If the optional Ww is specified. D=0 and store 


result in Ww: otherwise. D=1 and store result in the file reaister. 




The ( B' bit selects byte or word operation. 




The 'f bits select the address of the file reaister. 




The 'D' bit selects the destination. 




Note: The extension .b in the instruction denotes a byte operation .rather 


than a word operation. You mav use a ,w extension to denote a word 


operation but it is not reauirecL 


Words: 


1 


Cycles: 


1 


Example: 


DECE 


RAM 135 ; Decrement 




Before Instruction 
After Instruction 
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TABLE 71 - DISl: Disable Interrupts 



Syntax: 


UabeU 


JQ1S1 


Iit14 










































































































UpeiaflLla. 


Iit14 e[0 ... 16384] 


On^ ration* 


Disable interrupts for Iit14 cycles 


Status Affected: 


None 


Encoding: 


1111 IllOO |00kk 


kkkk 


kkkk 


kkkk 












Description; 


This instruction disables the interrupts for Iit14 instruction cycles afterJhe 




instruction executes. This instruction can be used before critical code 


sections to ensure un-interrupted execution. 


Words: 


1 


Cycles: 


1 


Example: 


0151 


ft3Q J)isable interrupts for next 30 instruction cycles 




Before Instru 
After Instrucl 


[Ction 
Lion 
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TABLE 72^ DO: Initialize Hardware loop 



Syntax: 


{label:} 


DO 


Slit16 r 


Iit14 








































































































Operands: 


Slit16cr-32768... +327671: 






Iit14^ TO ...163831 


Operation: 


Push Shadows 






flit14> DOCOUNT fLooo Count Reaistert 




(PCH4 PC 

(PC) -> DOSTART fLooo Start Reoisteri 


IPC) + f2*Slit16> DOEND fLooo End Reaistert 


Enable Code Looping 


Status Affected: 


None 


Encoding; 


0000 


1000 


OOkk tkkkk 


kkkk 


kkkk 




0000 


0000 


nnnn fcnnnn 


nnnn 


nnnn 


Description: 


Reoeat Iit14 times the code segment delineated by the address of the 




instruction immediately following the DO instruction and an end 


address formed by the address of the first instruction plus offset Slit16. 


The 'k' bits specify the loop count. 


specifies the number of instructions 


The 'nT bits are a signed literal that * 


offset from fPC+4) of the last instruction executed in the Iood. 


Note 1 : The value k = 0 is invalid. 


truction is not allowed 


2: The value n=.-1 is invalid. The DO ins 


to generate a DO loop only including itself. 
3: n=0 will generate a loop size of 1 word (same as REPEAT 


instruction except instruction is fetched every iteration). 


Words: 


2 


Cycles: 


2 + n*(# of cycles reguired to execute loop) 


Examples 




DQ 


#5, #6 ; Do next 5 instructions 6 times 




Before Instruction 
After Instruction 
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TABLE 73 - DOW: Initialize Hardware loop 



wyi iiflAi. 


/label') 


DO 


Slit16 t 


Wn 








































































































Onerands* 


Slit16p r-32768... +327671: 






Wn <= rW0...W15l 


Operation: 


Push Shadows 






(Wn) DOCOUNT (Lood Count Reaistert 




(PO+4 -> PC 

fPC) -> DOSTART /Lood Start Reaistert 


fPC) + f2*Slit16) ^ DOEISID f Lood End Reaistert 


Enable Code Looping 


Status Affected: 


None 




oooo liooo 


1000 


0000 


0000 


ssss 


Encoding: 


0000 pooo 


nnnn 


nnnn 


nnnn 


nnnn 


Description: 


Reoeat (Wn) times the c 


ode seamer 


it delineated 


bv the addr 


ess of the 




instruction immediately followina the DO instruction and an end 


address formed bv the address of the first instruction plus offset Slit16. 


The 's' bits soecifv the reaister Wn that contains the Iood count 


(only the 14 LSBs of (Wn) are considered). 


number of instructions 


The *n' bits are a sianed literal that specifies the 


offset from (PC+4) of the last instruction executed in the loop. 


Note 1 : The value (Wn) = 0 is invalid. 


truction is not allowed 


2: The value n=.-1 is invalid. The DO ins 


to generate a DO loop only includina itself. 
3: n=0 will generate a loop size of 1 word (same as REPEAT 


instruction except instruction is fetched every iteration). 


Words: 


2 


Cycles: 


2 + n*(# of cycles required to execute loop) 


Example: 


C 




E5 r W6 ; Do next 5 instructions (W6) times 




Before Instruction 
After Instruction 
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TABLE 74 - ED: Euclidean Distance 



flabehlED 



Wm*Wm 



Wxp.rWxl 



■fWvl 



.Wxp.rWx1+=kx 



.rWvl»=kv 
.fWyHky' 



WxD.fWxl-=kx t 



.WxD.rW5+W81 



.rW7+W81 



none 



none 



t Alternate format for 
negative kx r ky 



Operands: 



Wm*Wm e fWQ*WO: W1*W1: W2*W2: W3*W31 

Wxp e fWO .. . W31: Wx e AA/4. W51: kx e f-6. -4. -2. 2. 4. 61: 



Wv e IW6. W71: kv «= f-6. -4. -2. 2. 4. 61: 



Operation: 



fWmHWrn) -> ACCfA or Bl: 

{|Wx]-fWv^-> Wxp: fWxHkx->Wx: (Wvl+kv->Wv: 



Status Affected: 



OA. OB. SA. SB 



Encoding: 



mi 



00mm 


Alxx 







OOii 



Description: 



Instruction to comp ute (A-B) z functions. Prefetch computes difference 



of prefetched values. Then, the Wm register is squared. The 32-bit result 



is sign-extended to 40-bits and written to the specified accumulator. 



Wx register specifie s the pre fetch of the minuend register. The prefetch 



is done with indirect, indirect with post inc/dec, indirect with register 



offset, copy of the other prefetch or none. Post-modify Wx as required. 



Wy register specifies the prefetch of the subtrahend register. Post 



modify Wy as required. 



Wxp contains the difference result. 



The ( m' bits select the operand register Wm for the square: 



The 'A' bit selects the accumulator for the result. 



The T bits select the Wx pre-fetch operation. 



The T bits select the Wv pre-fetch operation. 



The 'x' bits select the pre-fetch difference Wxp destination. 



See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 



Cycles; 



Example; 



ED A.W2*W2.W0.fW41-=6.rW61 : Euclidean Distance to ACCA 



Before Instruction 



ACCA = 2 
ACCB = 3 
WQ = 5 
W1 =6 
W2 = 7 
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W3 = 8 
W8 = 1000 
W10 = 2000 
RAM (9941 = 16 
RAMM0001 = 17 
RAM(20001 = 18 
After Instruction 

ACCA = 2+7*8=58 



WO = 


17 


W1 = 


18 


W2 = 


7 


W3 = 


8 


W8 = 


994 



W10 = 2000 
RAM/9941 = 3 
RAMM0001 = 17 
RAMf20001 = 18 
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TABLE 75 - EXCH: Exchange Ws and Wd 



Patent 



Syntax: 




EXCH 


Wns. 


Wnd 




















Operands: 


Wns «= fWO ... W151: Wnd f fWO ... W15] 


Operation: 


(Wns) (Wnd) 


Status Affected: 


None 


Encoding; 


1111 


1101 


0000 




Oddd 


dOOO 


ssss 
















DpQprintinn* 


This instruction exchanaes the contents of two workina reaisters. 






The 's' bits select the address of one of the registers 




The 'd' bits select the address of the other reaister. 




Note: Word operation is assumed. 








Words: 


1 


Cycles: 


1 


Example: 


EXCH 


W5,W6 ; Exchanqe W5 and W6 




Before Instruction 
After Instruction 
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TABLE 76 - GOTO: Unconditional Branch 



Syntax: 


{laheLl 


GOTO 


lil23 










































































































Operands: 


Iit23 <f [0 ... S 




Operation: 


Iit23 PC, NOP Instruction Register. 


Status Affected: 


None 


Encoding: 














1st word 


0000 


0100 


nnnn 


nnnn 


nnnn 


nnnO 














2nd word 


0000 


0000 


0000 


0000 


Onnn 


nnnn 
















Description: 


Unconditional branch to anvwhere with 


in the 4M instruction oroaram 




memory ranae. GOTO is always a two-cycle instruction. 




The 'n' bits form the target address, 








Words; 


2 


Cycles: 


2 


Example: 


GOTO label LGoto location at label 




Before Instruction 
After Instruction 
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TABLE 77 - GOTOW: Unconditional Indirect Branch 



Syntax: 


(lafaeLl 


GQIQ 


Wn 










































































































Operands; 


Wn f rWO ... W151 


Operation: 


0 PC<22:17>. (Wnl -> PC<16:1>. 0 -+ PC<0>: 






NOP -» Instruction Register. 


Status Affected: 


None 


Encoding: 


0000 


0001 


0100 


0000 


0000 


ssss 
















Description: 


Unconditional indirect branch within the first 64K instructions program 




memory range. GOTO is always a two-cycle instruction. 


d into the 


The 16-bit value (Wn) is left shifted 1 bit, zero-extended and loade 


PC. CALL is a two-cycle instruction. 




The 's' bits select the address of the source register. 






Vtfojds: 


1 


Cycles: 


2 


Example: 


GOTO W5 ; Goto location specified by contentsjaLWS 




Before Instruction 




After Instruction 
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TABLE 78- INC: Increment Ws 



Patent 



Syntax: 




INC(.b) 


Ws, 


Wd 












fWs1 t 


Dflfdl 












fWsl++. 


[Wdl++ 












fWsK 


rwdi- 












fWs++] r 


fWd-n-l 












fWs-L 


rwd»i 


































Operands: 


Ws f rWO ... W151; Wd «= [WO ... W15] 


Operation: 


(Ws) + 1 ^Wd 


Status Affected: 


C. DC. N. OV. Z 


Encoding; 


1110 


1000 


OBqq 


addd 


dppp 


ssss 
















Description: 


Add one to the contents of the source reaister Ws and olace the result in the 




destination register Wd. 

The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source reaister. 


The 'd' bits select the address of the destination register. 


in rather 


The 'p' bits select the source address mode 2 (values 0-4). 


The 'q' bits select the destination address mode 2 (values 0-4). 


See Table 1-5 and Table 1-6 for modifier addressing information. 


Note: The extension .b in the instruction denotes a byte operatic 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 




1 


Example: 


INC 


W5,W7 ; Increment 




Before Instruction 
After Instruction 
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TABLE 79 - >NC2: Increment Ws bv 2 



Patent 



Syntax: 


{laheiq 


1NC2 


Ws. 


Wd 












fWs], 


[Wd] 












fWs]++ r 


rWdl+4- 












[Ws]~ f 


rwdi~ 












[Ws++] r 


fWd++] 












fWs-L 


[Wd-] 


































Operands: 


Ws f TWO ... W15]; Wd f fWO ... W15] 


Operation: 


(Ws) + 2^ Wd 


Status Affected: 


C. DC. N. OV. Z 


Encoding: 


1110 


1000 


IBaq 


qddd 


dppp 


ssss 
















Description: 


Add two to the contents of the source reqister Ws and place the result in the 




destination reqister Wd. 

The ( B' bit selects byte or word operation. 




The ( s' bits select the address of the source reaister. 


The 'd* bits select the address of the destination register. 


»n rather 


The *p' bits select the source address mode 2 (values 0-4). 


The 'q* bits select the destination address mode 2 (values H=AL 


See Table 1-5 and Table 1-6 for modifier addressing information. 


Note: The extension .b in the instruction denotes a bvte ooeratic 


than a word operation. You may use a ,w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles; 


1 


Example: 


INC 


W5 f W7 ; Increment 




Before Instruction 
After Instruction 
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TABLE 80 - INCF: Increment f 



Syntax: 


{lahejq 




f 


(,Ww) 








































































































Operands: 


f f F0 ... 81911 




Operation; 


(fl + 1 -> destination designated_hy_D 


Status Affected: 


C. DC. N. ov. z 


Encoding: 


1110 


1100 


OBDf 


ffff 


ffff 


ffff 
















Description! 


Add one to the contents of the file register and place the result in t 


he 




destination desionated bv D: If the optional Ww is specified, D=0 and store 


result in Ww; otherwise, D=1 and store result in the file register. 




The bit selects byte or word operation. 




The T bits select the address of the file register. 




The 'D' bit selects the destination. 




Note: The extension .b in the instruction denotes a byte operation rather 


than a word o Deration. You may use a .w extension to denote a 


word, ope ration, but it is not required. 






Words: 


1 


Cycles: 


1 


Example: 


INC 


RAM135 ; Increment 




Before Instruction 
After Instruction 
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TABLE 81 - IOR: Inclusive Or Wb and Ws 



Patent 



Syntax: 


(laheiq 


IQRfJfrl 


Wb, 


Ws, 


Wd 












{Wsl 


fWdl 












fWs1++ t 


fWd1++ 












rw.s]- r 


fWdl- 












[Ws++], 


fWd++1 












fWs-1, 


fWd-1 
































Operands; 


wb <= rwo ... \ 


A/151: Ws e fWO ... W151: Wd c fWO ... W1 


51 


Operation: 


(Wb>.IOR.(Ws)->Wd 


Status Affected: 




Encoding: 


0111 


Owww 


wBqq jqddd 


dppp 


ssss 








Description: 


lor the contents of the source register Ws and the contents of the base 




reaister Wb and place the result in the destination reaister Wd. 




The ( B' bit selects byte or word operation. 




The 's' bits select the address of the source register. 




The 'w' bits select the address of the base reaister. 


The 'd' bits select the address of the destination register. 




The 'p' bits select source address mode 2. 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information, 


lhan_a 


The extension .b in the instruction denotes a byte operation rather 


word operation. You mav use a .w extension to denote a word operation but 


it is not reunited. 


Words: 


1 


Cycles: 


1 


Example: 


IOR 


W5 T W6 r W7 ; Inclusive Or 




Before Instruction 
After Instruction 
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TABLE 82 - IORLS: Inclusive Or Wb and Short Literal 



Patent 



Syntax: 




[QRUti 


Wb 


litS 


Wd 














fWdl 














rwdi++ 














fWdl- 














rwd++i 














fWd--1 
































Operands: 


Wb e rwo ... \ 


A/151: lit5FiO ...31l:Wde 


rwo ... wi5i 


Operation: 


(Wb).IOR.Iit5 -> Wd 


Status Affected: 




Encoding: 


0111 


Owww 


wBqq 


addd 


dllk 


kkkk 










Description: 


Compute the Inclusive Or of the contents of the base reaister Wb and the 




literal one rand and olace the result in the destination reaister Wd. 




The bit selects byte or word operation. 




The W bits select the address of the base reaister. 




The V bits provide the literal operand, a five-bit integer number. 




The d' bits select the address of the destination register. 


The 'a' bits select destination address mode_2* 




See Table 1-6 for modifier addressing information. 


iration rather than a 


The extension .b in the instruction denotes a byte opt 


word operation. You may use a .W extension to denote a word operation, but 


it is not reauired. 


Words: 


1 


Cycles: 


1 


Example; 


IOR 


W5 t #12 r W7 ; Add 




Before Instruction 
After Instruction 
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TABLE 83 -- IORLW: Inclusive Or Literal and Wn 



Syntax: 






SUtUL 


Wn 








































































































Operands: 


SlitIO c T-512 ... 511]; Wn «= F wo W15 l 


Operation: 


Slit10.IOR.(Wn)-» Wn 


Status Affected: 




Encoding; 


1011 


0011 


OBkk 


kkkk 


kkkk jdddd 














Description: 


Compute the Inclusive Or of the literal operand and the contents of the 




workina register Wn and place the result in the working register Wn. 


The 'B* bit selects bvte or word ooeration. 




The 'd' bits select the address of the workina register* 


>n rather 


The V bits specify the literal operand T a signed 10-bit number. 


Note: The extension .b in the instruction denotes a bvte ooeratk 


than a word operation. You may use a w extension to denote a word 


operation, but it is not reauired* 


Words: 


1 




1 


Example: 


IQR 


#123 r W7 ; Inclusive Or 




Before Instruction 
After Instruction 
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Patent 



TABLE 84 - IORWF: Inclusive Or f and Ww 





{laheiq 


lQR(Jta 


f 


( r Ww> 








































































































Operands; 


f e TO ... 81911 




Operation; 


(f).IOR.(Ww) -» destination designated by Q 


Status Affected: 




Encoding; 


1011 


0111 


OBDf 


ffff 


ffff 


ffff 












Description: 


Compute the I0R of the contents of the working register and the contents of 




the file register and place the result in the destination designated by D: If the 


optional Ww is specified. D=0 and store result in Ww: otherwise, D=1 and 


store result in the file register. 

The 'B' bit selects bvte or word operation. 


bvte operation rather 


The 'D' bit selects the destination. 


register. 


The T bits select the address of the file 


Note: The extension .b in the instruction denotes a 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


IOR 


RAM 135, Ww ; Inclusive Or 




Before Instruction 
After Instruction 
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TABLE 85 - ITCH: Pod Shadow Registers 



Syntax: 


/label:! 


POP s 












































































































Operands: 


None 


Operation: 


Pod shadow registers 


Status Affected: 


AU 


Eneodina* 


1111 


1110 


1000 


0000 


0000 


0000 
















Description! 


The values in the shadow registers are copied into the primary registers. 


Words: 


1 


Cycles: 


1 


Example: 


ITCH 


: Itch 




Before Instruction 
After Instruction 
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TABLE 86 - LAC: Load Accumulator A 



Patent 



Syntax: 


{label:} 


LAC 


A* 


Wns r 


L Slit41 












fWnsl. 














[Wns]++ 














[Wns]- 














[Wns--] f 














fWns+Wbl r 














[Wns+litS] 




















Operands: 


Wns «= fWO .W151: 






Wb^rWO ... W15l:lit5er0... 311 




Slit4 «= r-8 ... +71 


Operation: 


ShiftSlit4fExtend(Wns)) -> AXX 


Status Affected: 


None 


Encoding: 


1100 


1010 


Awww 


wrrr 


ragg jssss 


Description: 


Read the c 


:ontents ol 


F the effect 


ive address. Ootio 


►nallv shift, then olace 




result in accumulator. 

The value contained at the effective address is assumed to be Q15 


fractional data and is automatically sian-extended fthrouah bit 39) and 


zero-backfilled (bits [15:0]) prior to shiftina. 


offset reaister Wb. 


The TV bits specify the destination accumulator. 


The 's' bits specify the source register Wns. 


The 'a' bits select source address mode 3. 


The 'w' bits soecifv the offset amount Iit5 OR the 


The ( r' bits encode the optional operand Slit4 which determines the 


amount of the accumulator oreshift: if the operand Slit4 is absent, a 0 


is encoded. 

See Table 1-7 for modifier addressing information. 


, shift riaht. 


Note: Positive values of operand Slit4 represent arithmetic 


Negative values of operand Slit4 represent shift left. 


Words: 


1 


Cycles: 


1 


Example: 


LAC 


A,W5 ; Load Accumulator A 




Before Instruction 
After Instruction 
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Patent 



TABLE 87 - LNK: Allocate Stack Frame 



Syntax: 


(lafaeU 


LNK 


Iit14 










































































































Operands: 


Iit14im... 16384^ 


Operation: 


fW14>->rW15l~: 






iW15l-*W14: 
(W15)-lit14->W15 


Status Affected: 


None 


Encoding: 


nil 


1010 


OOkk 


kkkk 


kkkk 


kkkk 
















Description: 


This instruction allocates a stack frame of size Iit14 and adiusts the stack 




pointer and frame pointer* 

The 'k' bits specify the size of the stack frame, 






Words; 


1 


Cycles: 


1 
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TABLE 88 - LSR: Logical Shift Right Ws 



Patent 



Syntax: 


(lahekl 


LSRLbi 




Wd 












rwsi. 


rwdi 












rwsi++. 


[Wdl++ 












fWsl-, 


rwdi- 












[Ws++], 


rwd-n-i 












fWs-l, 


rwd-i 


































Operands: 


Wsf rWO ...W15l:Wd e fW 


tO ... W151 




For word operation: 






0 ^ Wd<15>. fWs<15:1>^ ^ Wd<14:0>. fWs<0M C 




For byte operation: 

0 -> Wd<7>. (Ws<7:1>) -> Wd<6:0>. (Ws<0>) -> C 






Status Affected: 


C. N. OV. Z 


Encoding; 


1101 


0001 


OBgg 


addd 


dppp 


ssss 










Description: 


Shift the contents of the source reqister Ws one bit to the right and 




olace the result in the destination reaister Wd. The Carrv Flaa bit is set 


if the LSB ofWs is '1\ 

The bit selects byte or word operation. 




The 's' bits select the address of the source register. 




The 'd' bits select the address of the destination reaister. 


The V bits select source address mode 2. 




The 'q' bits select destination address mode 2. 


na information. 


See Table 1-5 and Table 1-6 for modifier addressi 


Note: The extension .b in the instruction denotes a byte operation 


rather than a word operation. You may use a .w extension to 


denote a word operation, but it is not required. 






Words; 


1 


Cycles: 


1 


Example: 


LSR 


W5 ( W6 ; Shift riflht 




Before Instruction 
After Instruction 
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TABLE 89 - LSRF: Logical Shift Right f 



Syntax: 


(lahejq 


LSRUll 


f 


(,Ww) 








































































































Operands: 


f e fO ... 81911 


Operation: 


For word operation: 






0^Dest<15>. ff<15:1»->Dest<14:0>. ff<0>l -> C 




For byte operation: 

0 Dest<7>. (f<7:1>) Dest<6:0> r /f<0» C 


o-»- H<3 


Status Affected: 


C. N. OV. Z 


Encoding: 


11M 


ftlM 


OBDf 


fffi 


fffi 


fffi 


Description; 


Shift the contents of the file register f one bit to the right and place the resultin 




the destination designated by D: If the optional Ww is specified. D=0 and store 


result in Ww: otherwise. D=1 and store result in the file register. The carry flag 


bit is set if the LSB of the file register is *r. 


bvte operation rather 


The 'B' bit selects byte or word operation. 


The 'D' bit selects the destination. 


ring register. 


The 's' bits select the address of the worl 


The f bits select the address of the file reoister. 


Note: The extension .b in the instruction denotes a 


than a word operation. You may use a .w extension to denote a_word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


LSR 


RAM 135, Ww ; Shift riqht 




Before Instruction 
After Instruction 
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TABLE 90 - MAC: Multiply and Accumulate 



Syntax: 


{label:}MAC 


A, 


Wm*Wn 


r Wxp r [Wxl 


■Wvp.rWvl 


r AWB 






n 

§* 




WxD.rWxl+=kx 


.Wvp r rw Y l+=kY 


none 










.wxD.rwxi-=kx ± 


.WvD.rwvi-=kv± 












r Wxp r [W5+W8] 


r Wyp r [W7+W8] 












none 


none 


























t Alternate format for negative 
kxjty 


















Operands: 


Wm*Wn «= fW0*W1: W0*W2: W0*W3: W1*W2: W1*W3: W2*W31 






Wxd e JWO ... W3V Wx «= fW4. W5V kx e f-6. -4. -2. 2. 4. 6V 


Wvd e fWO ... W3V Wv e JW6. W7V kv <= /-6. -4. -2. 2. 4. 6V 


AWB <= fW9. fW91++\ 


Operation: 


(ACCfA or BH + (WmHWn) -> ACCfA or B); 






ffWxll -> Wxd: fWx»kx->Wx: 




/rWvn^Wvo: fWv>+kv->Wv: 




(ACC(B or A)) rounded AWB 


Status 
Affected: 


OA. OB. SA. SB 


Encoding; 


1100 


Ommm 


AO xx 


yyii liijj 


liaa 


Description: 


Signed, fractional or integer multiply the contents of two W registers. The 




32-bit result is sign-extended to 40-bits and added to the specified 


ie 


accumulator. 

Wx register specifies the prefetch of the multiplier Wxp register. Tl 


prefetch is done with indirect, indirect with post inc/dec r indirect with 


register offset, copy of the other prefetch or none. Post-modify Wx as 


required. 

Wy register specifies the prefetch of the multiplier Wyp register. Post- 


modify Wy as required. 

AWB specifies the direct or indirect store of the convergently rounded 


contents of other accumulator, if required. 


/m and Wn for the multiply: 


The l m' bits select the ooerand reaisters W 


The 'A' bit selects the accumulator for the result. The other accumulator is 


used for write back. 

The T bits select the Wx pre-fetch operation. 




The T bits select the Wy pre-fetch operation. 


The 'x' bits select the pre-fetch Wxp destination. 


The V bits select the ore-fetch Wvd destination. 


The 'a' bits select the accumulator write-back destination. 


on. 


See Table 1-9 through Table 1-14 for modifier addressing informati 


Words: 


1 


Cycles: 


1 


Example: 


MAC 


A r W2*W3 r W0=[W41- 


: MultiDlv and Accumulate A 






=6.W1=[W61,[W91++ 
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Patent 



Before Instruction 



ACCA = 2 

WO = 5 
W1 =6 
W2 = 7 
W3 = 8 
W8 = 1000 
W1Q = 2000 
RAIW9941 = 16 
RAMH0001 = 17 
RAMf2000) = 18 
After Instruction 



ACCA = 2+7*8=58 



WO 


= 17 


W1 


= 18 


W2 


= 7 


W3 


= 8 


W8 


= 994 



W10 = 2000 
RAMf9941 = 3 
RAMH0001 = 17 
RAIW20Q01 = 18 
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TABLE 91 - MOV: Move Ws to Wd 



Patent 



Syntax: 


{label:} 


MOVf.b} 


Ws. 


Wd 












[Ws], 


rwdi 












[Ws]++ 


[Wdl++ 












FWsl- 


[Wd]~ 












[Ws~l r 


[Wd~1 












[Ws+Wbl r 


fWd+Wb] 












[Ws+lit5] r 


fWd+lit51 


































Operands: 


Ws e rWO ... W151; Wd g rWO ... W151: 






Wb^ rWO ...W151: Iit5e... 311 


Operation: 


(EAs) EAd 


Status Affected: 


None 


Encodinq: 


0111 


lwww 


wBhh Ihddd dggg 


ssss 


Description; 


Move the contents of the source reaister into the destination reaister. 




The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source register. 




The *d' bits select the address of the destination register. 


The 'g' bits select source address mode 3. 




The 'h' bits select destination address mode 3. 


' or offset Wb; these 


The 'w' bits define the addressing mode literal 'Iit5 


bits are shared by source and destination addresses. 


tion. 


See Table 1-7 and Table 1-8 for modifier addressing informa 


The assembly nmemonics PUSH Ws and POP Wd translate to MOV. 


Note: The extension .b in the instruction denotes a bvte move rather 


than a word move. You may use a .w extension to denote a 
word move, but it is not reguired. 


Words: 


1 


Cycles: 


1 


Example: 


MOV 


W5.W6 ; Move W5 to W6 




Before Instruction 
After Instruction 
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TABLE 92 - MOVF: Move f to destination 



Syntax: 


OaheLl 


MOVfb} 


f 


( r Ww) 








































































































Operands: 


f <= m ... 81911 




Operation; 


(f) destination designated byJJ 


Status Affected: 




Encoding: 


1011 


1111 


lBDf 


ffff 


ffff 


ffff 


Description; 


Move the con 


tents of the f i 


le register to the destination designated by D: if D=0, 




out the value into Ww. if D=1 the only effect is to modify the status flags, no 


writeback is required. 

The bit selects byte or word operation. 


bvte ooeration rather than 


The 'D' bit selects the destination, (0 for Wd f 1 for f). 


The T bits select the address of the file register. 


Note: The extension .b in the instruction denotes a 


a word operation. You may use a .w extension to denote a word 
operation, but it is not required. 


Words; 


1 


Cycles: 


1 


Example; 


MOV 


RAM433, Ww ; Move File register 433 to Ww 




Before Instruction 
After Instruction 
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TABLE 93 - MOVL: Move 16-bit literal to Wd 



Syntax: 


flabel:! 


MOV 


litlfi 


Wn 








































































































Operands: 


litlfi «= f-32761 


3 ... 655351; W 


fn «= rW0 ...W15l 


Operation: 


Iit16 -► Wn 


Status Affected: 


None 


Encoding: 


0010 


dddd 


kkkk 


kkkk 


kkkk 


kkkk 


ucauriuiiuiiL 


The Literal 'k 


is loaded int 


o Wn register 










The 'd' bits select the address of the working register. 




The 'k' bits specify the value of the literal 








Words: 


1 


Cycles: 


1 


Example: 


MOV 


W64159. W5 ; Move 64159 into W5 




Before Instruction 
After Instruction 





HOUO 1:867605 HOU02 : 1 006933 . 1 jflflZMfL 



-128- 



Client Reference No. MT1-2095.US.0 



TABLE 94 - MOVSAC: Prefetch Operands and Store Accumulator 



Patent 



Syntax: 


{label:} 


MOVSAC 


A* 


I.I nil i 

.Wxp.lWx] 


.Wyp.IWyl 


A 1AID 

.AWB 




















§* 


.WxD.iWxl+=kx 


.WvD.rWvl+=kv 


none 










r Wxp r [Wxl-=kx t 


.WvD.rWvl-=kv * 












,Wxp r rW5+W81 














none 


none 


























t Alternate format for negative 
kx.ky 


















Operands: 


Wxd e fWO ... W3}; Wx «= fW4. W51: kx e J-6. -4. -2. 2. 4. 6V 






Wvo G fWO ... W3V Wv e fW6. W71: kv e f-6. -4. -2. 2. 4. 6V 


AWB «= {W9 r [W91++} 


Operation; 


ffWxlWWxo: fWxHkx^Wx: 


V 




(RAMI ^ Wvd: fWvl+kv->Wv: 


(ACCfB or A)) rounded -> AWE 


Status 


OA. OB. SA. SB 




Affected: 




Encoding: 


1100 


0111 


AO xx 


yyii 


Iijj 


liaa 


Description: 


Prefetch ooerands and optionally store accumulator results in preparation 




for a repeated MAC type instruction. 


Vxp register, The prefetch 


Wx reaister soecifies the prefetch of the multiplier V 


is done with indirect, indirect with nost inc/dec. indirect with reaister offset. 


copy of the other prefetch or none. Post-modifv Wx as required. 


modify 


Wv reaister soecifies the prefetch of the multiplier Wvo reaister. Post- 


Wy as required. 

AWB specifies the direct or indirect store of the convergently rounded 


contents of other accumulator, if reguired. Note that the specification of IB or 


A) is consistant with the MAC instruction. For example, movsac A f W9 will 


store ACCB into W9. 

The 'A' bit selects the other accumulator used for write back. 




The T bits select the Wx pre-fetch operation. 




The T bits select the Wy pre-fetch operation. 




The 'x' bits select the ore-fetch Wxp destination. 


The V bits select the ore-fetch Wvp destination. 


The 'a* bits select the accumulator write-back destination. 




See Table 1-9 through Table 1-14 for modifier addressing information. 


Words: 


1 


Cycles: 


1 


Example; 


MOVSAC 


A.W0.rW4l-=6.W1 .fW61.W9 : Prefetch and move ACCB to W9 




Before Instruction 

ACCA = 2 
ACCB = 3 
WO = 5 
W1 =6 
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Patent 



W2 = 7 




wo — o 




W8 = 1000 




W10 = 2000 


16 


RAM f 994) = 


RAMM0001 


= 17 


RAMf2000\ 


= 18 



After Instruction 
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TABLE 95 - MOVWF: Move Ww to F 



Syntax: 


flaheLi 


MOV{.b) 


Ww, 


f 








































































































Operands: 


f f TO ... 81911 




Operation: 


(Ww) ->f 


Status Affected: 


None 


Encoding: 


1011 


0111 


lBlf 


ffff 


ffff 


ffff 




Move the contents of the working register into the file register. 






The 'B' bit selects byte or word operation 




The V bits select the address of the file register. 


te move rather than 


Note: The extension .b in the instruction denotes a bvl 


a word move. You may use a w extension to denote a word move. 


but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


MOV Ww.213 : Move Ww to File Reaister 213 




Before Instruction 
After Instruction 
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TABLE 96 - MPY: Multiply Wm bv Wn to Accumulator 



Patent 



Syntax: 


flabehlMPY 


A, 


Wm*Wn 


r Wxp r fWxl 


r W Y p r [W Y l 








D 

1L 




T Wxp r fWxl+=kx 


r W Y p r rWvl+=kv 












.WxD.n/Vxl-=kx ± 


r W Y D.rWvl-=kv * 












.WxD.rW5+W81 


t W YPr fW7+W81 












none 


none 


























t Alternate format for negative 
kx.ky 


















Operands: 


Wm*Wn G M0*W1: W0*W2: W0*W3: W1*W2: W1*W3: W2*W3* 






Wxd g fl/VO ... W31: Wx e fW4. W5V kx e /-6. -4. -2. 2. 4. 6\: 


W Y d <= /WO ... W3V Wv e fW6. W7V kv e 1-6. -4. -2. 2. 4. 6V 


AWB <= (W9 r [W91++} 


Operation: 


fWm>*fWnl ACC(A or B): 






f!WxlV-> Wxd: fWx>+kx->Wx: 


([Wy])->Wyp: (Wy)+ky-^Wy: 


Status 


OA. OB. SA. SB 




Affected: 




Encoding; 


1100 


Ommm 






iiii 


Description: 


Sianed. fractional or inteaer multiolv the contents of two W reaisters. The 




32-bit result is sign-extended to 40-bits and stored to the specified 


i 


accumulator. 

Wx register specifies the prefetch of the multiolier Wxd reaister. The 


prefetch is done with indirect indirect with post inc/dec r indirect with 


reaister offset, codv of the other prefetch or none. Post-modifv Wx ai 


required. 

Wy reqister specifies the prefetch of the multiplier Wyp register. Post- 


modify Wy as required. 

The 'm' bits select the ooerand reaisters Wm and Wn for the multiolv: 


The 'A' bit selects the accumulator for the result. 


essina information. 


The 1' bits select the Wx pre-fetch operation. 


The T bits select the Wy pre-fetch operation. 


The 'x' bits select the pre-fetch Wxp destination. 


The V bits select the pre-fetch Wyp destination. 


See Table 1-9 through Table 1-13 for modifier addi 


Words: 


1 


Cycles: 


1 


Example: 


MPY A.W2*W3.W0.fW5l-=6.W1.rW7l : Multiolv into Accumulator A 




Before Instruction 
ACCA = 2 
ACCB = 3 
WO = 5 
W1 =6 
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Patent 





WO — 7 






wo — o 






111 A J AAA 

W8 = 1000 






W1U - ZQQU 






KAIVI(994) - 10 






D A ft 11/ 4 AAA\ — A ^ 
RAM (1000) = 17 






KAMUUUUj - 1o 






After Instruction 






Apr A — 7*Q-CC 






ACCd - 3 






i a/a, — -it 
WO — 17 






wi — in 
Wl - 1© 












Wo — O 






W8 = 994 






W10 = 2000 






RAIW9941 = 16 






RAMM000> = 17 






RAM(2000) = 18 
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Patent 



TABLE 97 - MPYN: Multiply -Wm bv Wn to Accumulator 



Syntax: 



/labehlMPYN 



Wm'Wn 



wxp.rwxi 



wvD.rwvi 



.Wxp.rWx1+=kx 



WvD.rWv1+=kv 
■Wyp,[Wy]-=k yT 



■Wxp.rwxi-=kx t 



.WXPJW5+W81 



.Wvp.rW7+W81 



nans 



none 



t Alternate format for negative kx.ky 



Operands; 



Wm*Wn g fW0*W1: W0*W2 : W0*W3: W1*W2: W1*W3: W2*W31 



Wxd g /WO ... W3V Wx g /W4. W51: kx e (-6. -4. -2. 2. 4. 61: 



Wvd p fWO ... W31: Wv e M6. W71: kv g (-6. -4. -2. 2. 4. 61: 



AWB g fW9. IW91++1 



Operation: 



fWm^Wnl -> ACCf A or Bl: 



n\Vxn-> Wx d: fWxHkx->Wx: 



frWvll->Wvp: fWvHkv->Wv: 



Status 
Affected: 



OA OB SA SB 



|yyii 



Encoding: 



1100 



Ommm Mxx 



HI) 



Signed, fra ctional or integer multiply the contents of a W register bv the 



Description: 



negative of the contents of another W register. The 32-bit result is sign 



extended to 40-bits and stored to the specified accumulator 



Wx registe r specifies the prefetch of the multiplier Wxd register. The prefetch 



is done with indirect, indirect with post inc/dec. indirect with register offset- 



copy of the other prefetch or none. Post-modify Wx as required. 



Wv register specifies the prefetch of the multiplier Wvd register. Post-modify 



Wv as required. 



The 'm' bits select the operand registers Wm and Wn for the multiply; 



The 'A' bit selects the accumulator for the result. 



The 'i' bits select the Wx pre-fetch operation. 



The 'i' bits select the Wy pre-fetch operation. 



The 'x' bits select the pre-fetch Wxp destination. 



The V bits select the pre-fetch Wyp destination. 



See Table 1-9 through Table 1-13 for modifier addressing information- 



Words: 



Cycles: 



Example; 



MPYN 



A.W2*W3.W0.fW41-=6.W1 .IW61 



Multiply negative into Acc A 



Before Instruction 



ACCA = 2 
ACCB = 3 
WO = 5 
W1 =6 
W2 = 7 
W3 = 8 
W8 = 1000 
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Patent 





W I u — zuuu 






KAm(yy4) - lo 






d A iui/<f nnn\ — 47 

RAmilOUO) - 17 






KAIVlUUUU) - lo 






After Instruction 






Apr* A _ 7*Q_ cc 

ACvA - -7 0— 5o 






A^vb - 0 






WO - 17 






wi - lo 






\AIO — 7 






WO - 0 






W8 = 994 






W10 = 2000 






RAIW9941 = 16 






RAMM0001 = 17 






RAM(2000) = 18 
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TABLE 98 - MSC: Multiply and Subtract from Accumulator 



Patent 





/lahol-\M^P 

\iaDei./ivioir 


A 

At 


Wm*Wn 
vvm vvn 


Wvn r\A/vl 


Wvn r\A/\/l 
■WYP.IVYYJ 


AWR 




















r Wxp r rWxl+=kx 


r WvD.rwvl+=kv 


DOBS. 










.WxD.rWxl-=kx ± 


.wvD.rwvi-=kv * 












r Wx Pr [W5+W8^ 


r Wvp r rW7+W8l 












none 


none 


























t Alternate format for negative 




kx r 


















Operands: 


Wm*Wn g fW0*W1: W0*W2: W0*W3: W1*W2: W1*W3: W2*W3* 






Wxd g fWO ... W3V Wx c fW4. \N5\: kx € f-6. -4. -2. 2. 4. 6V 


Wvd t= fWO ... W3\; Wv €= {W6 r W7V kv e 1-6. -4. -2. 2. 4. 6V 


AWB e= IW9. rW91++\ 


Operation: 


(ACCfA or B)) - (Wm)*fWn) -> ACCfA or B); 






HWxIUWxd: fWxHkx->Wx: 




frWvlWWvn: fWvHkv^Wv: 




(ACC(B or A)) rounded AWE 


Status 


OA. OB. SA. SB 




Affected: 




Encoding: 


1100 


Omimti 


Alxx lyyii 






Description: 


Signed, fractional or integer multiply the contents of two W registers. The 




32-bit result is sign-extended to 40-bits andsubtracted from the specified 


accumulator. 

Wx register specifies the prefetch of the multiplier Wxp register. The 


> 

h 


orefetch is done with indirect, indirect with cost inc/dec. indirect wit 


register offset, copy of the other prefetch or none. Post-modify Wx as 


required. 

Wy register specifies the prefetch of the multiplier Wyp register. Post- 


modify Wy as reguired. 

AWB soecifies the direct or indirect store of the converaentlv rounded 


contents of other accumulator if reauired. 


Vn for the multiply: 


The l m' bits select the operand registers Wm and V 


The 'A' bit selects the accumulator for the result. The other accumulator is 


used for write back. 

The T bits select the Wx pre-fetch operation. 




The T bits select the Wy pre-fetch operation. 


The l x' bits select the pre-fetch Wxp destination. 


The V bits select the pre-fetch Wyp destination. 


The 'a' bits select the accumulator write-back destination. 




See Table 1-9 through Table 1-14 for modifier addressing informatio 


Words: 


1 


Cycles: 


1 


Example: 


MSC A. W2*W3.W0=rW4l-=6 r W1 =fW6] r W9 


; Multiply and Subtract A 
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Patent 



Before Instruction 






APPA = 0 






APPR = 1 






WO = 5 

VVv J 






W1 = 6 






W2 = 7 






lAfO Q 






wft = innn 

WO — IVvV 






win = 9nno 

VV IV — 4VVU 






RAM/QQA\ = 1fi 






ram/ioooi = 17 






ram/^oooi = ia 






Affor Irictn ir*tir>n 












APPR = 1 






WO = 17 

wwv . JJL 






W1 = 18 

WW 1 1 V 






W2 = 7 






W3 = 8 






W8 = 994 






W10 = 2000 






RAIVH994) = 3 






RAMH0001 = 17 






RAM(2000) = 18 
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TABLE 99 - MULS: 16x16 bit Signed Multiply 



Patent 



Syntax: 


flaheig 


MiiLSS 


Wb. 


Ws, 


Wnd 












[Ws], 














rwsi++, 














rwsi» r 














fWs++l r 














rws»i r 


































Operands: 


WbF rW0 ...W15l: 
Wsf rWO _W151: 

Wnd f rW0.W2.W4.W6.W8.W10.W1 2. W1 41 


Operation: 


siqned (\Nb) * sianed (\N&) -> {Wnd+1 r Wnd} 


Status Affected: 




Encoding: 


1011 1001 


lwww 


wddd 


dppp 


ssss 


Description: 


MULS performs a 16-bit 


x 16-bit mult 


dIy, with the r 


esult stored i 


n two 




successive working registers. 

Both source onerands are intern reted as two's-comolement sianed 


integers. 

The 'w' bits select the address of the base register 




The 's' bits select the address of the source register. 




The 'd' bits select source address mode 2. 




The 'd' bits select the address of the destination for the Droduct LSBs. 


the register 'd+1' is the destination of the product MSBs. 




See Table 1-5 for modifier addressing information. 


llY. 


Note: This instruction o Derates in word mode or 




Words: 


1 


Cycles: 


1 


Example: 


MULSS 


W5 T W6 r W8 ; Multiply W5*W6 to W9:W8 




Before Instruction 
After Instruction 
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TABLE 100 - MULSU: 16x16 bit Sianed-Unsianed Multiply 



Patent 



Syntax: 




RftllLSU 


Wb. 




Wnd 












fWsL 














fWsl++ r 














fWs1-- r 














[Ws++] r 














rws--i T 


































Operands 


Wbf fWO W151; 


f8.W10.W1 2. W1 41 




Ws g HA/0 ... W151; 
Wnd <= rW0 t W2 t W4 r W6 r W 


Operation; 


sipned (Wb) * unsigned /Ws) -+ {Wnd+1 r Wnd} 


Status Affected: 


None 


Encoding: 


1011 


1001 |0www 


wddd 


dppp 


ssss 


Description; 


MULSU nei 


■forms a 16-bit x 16-bit mult 


iplv. with the 


result stored 


in two 




successive working registers. 

The first source operands is interpreted as a two's-complement signed 


inteaer and the second source ooerand is interoreted as an unsianed inteaer. 


The 'w' bits select the address of the base reaister 




The *s' bits select the address of the source reaister. 




The 'd' bits select source address mode 2. 




The 'd' bits select the address of the destination for the product LSBs, 


the reaister 'd+1' is the destination of the oroduct MSBs. 




See Table 1-5 for modifier addressina information. 




Note: This instruction operates in word mode only. 


Words: 


1 




1 


Example: 


MUL SU W5, W6, W8 ; Multiolv W5*W6 to W9:W8 




Before Instruction 
After Instruction 
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TABLE 101 - MULSULS: 1 6x16 bit Sig ned Multiply U nsigned Short Literal 



Syntax: 


/label:! 


MilUSU 


Wb. 


litS, 


Wnd 






































































































Operands; 


Wb f rWO ... W151: 


f8 r W10,W12 r W14l 




litS f [0 ... 311: 

Wnd f rW0.W2.W4.W6-W 


Operation: 


siqned fWb^ * unsigned HtS {Wnd+1 r Wnd} 


Status Affected: 


None 


Encoding: 


1011 


1001 


lwww 


wddd 


dllk [kkkk 


Description: 


MULSLS D1 


arforms a 16-fc 


>it x 16-bit mu 


Itiplv. with the 


i result stored in two 




successive working registers. 

The source ooerands is interoreted as a two's-comolement sianed inteaer and 


the literal is interoreted as an unsigned integer. 


the product LSBs. 


The 'k' bits define a 5-bit unsigned integerJiteral 


The 'w' bits select the address of the base register. 


The 'd' bits select the address of the destination for 


the register 'd+1' is the destination of the product WLSBs. 




Note: This instruction operates in word mode only. 




Words: 


1 


Cycles: 


1 


Example: 


MUL.SU W6 T #13, W8 ; Multiply W6 times 13 into W9:W8 




Before Instruction 
After Instruction 





Client Reference No. MTI-2095.US.0 



TABLE 102 ■■ MULU: 16x16 bit Unsigne d Multiply 



Patent 



Syntax: 




WLUL^iU 


Wb T 




Wnd 












fWsl, 














rwsi++ f 














rwsi~ r 














[Ws++] r 














fWs-1, 


































Operands: 


Wb<= rWO -W151: 
Ws t= rWO .W151: 

Wnd g rW0.W2 t W4 r W6 r W8.W10.W12.W14l 


Operation: 


unsigned (Wb) * unsigned (Wsl (Wnd+1, Wnd} 


Status Affected: 


None 


Encoding; 


1011 |1000 


Owww 


wddd 


dppp 


ssss 


Description: 


MULU oerforms a 16-bil 


t x 16-bit multi 


ply, with the result stored in two 




successive working registers. 

Both source operands are interpreted as unsigned integers. 




The Sa/' bits select the address of the base register 


er. 


The 's' bits select the address of the source regist 


The ( d' bits select source address mode 2. 




The 'd' bits select the address of the destination for the oroduct LSBs. 


the reaister 'd+1' is the destination of the product MSBs. 




See Table 1-5 for modifier addressing information. 


>lv. 


Note: This instruction ooerates in word mode or 




Words: 


1 


Cycles: 


1 


Example: 


M11UUU V 


W5. W6. W8 ; Multiply W5*W6 to W9:W8 




Before Instruction 
After Instruction 
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TABLE 103 - MULULS: 16x16 bit Unsigned Multiply Short Literal 



Syntax: 


(labels 


MllLULS 




lit5> 


Wnd 






































































































Operands: 


Wb f rWO ... W151: 


ra.wio.wi2.wi4i 




litS «= TO ... 311: 

Wnd e rW0.W2 r W4 r W6 T \Al 


Operation: 


unsigned (Wb) * unsigned lit 5 {Wnd+1 T Wnd} 


Status Affected: 


Hone 


Encoding: 


1011 


1000 


Owww 


wddd 


dllk 


kkkk 


Description: 


MULULS d< 


srforms a 16-1 


)it x 16-bit mu 


Itiplv, with th( 


» result storec 


I in two 




successive working registers. 

Both operands are interpreted as unsigned integers. 




The 'k' bits define a 5-bit unsigned integer literal.. 




The 'w' bits select the address of the base register. 


the product LSBs. 


The 'd' bits select the address of the destination for 


the register 'd+1' is the destination of the product IVLSBs. 




Note: This instruction operates in word mode only. 




Words: 


1 


Cycles: 


1 


Example: 


MUL.UU W6 r #13 T W8 


: Multiolv W6 times 13 into W9:W8 




Before Instruction 
After Instruction 
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TABLE 104 - MULUS: 16x16 bit Unsianed-Sianed Multiply 



Patent 



Syntax: 


(lahehl 


MULUS 


Wh* 


Ws, 


Wnd 












rwsi r 














[Ws]++, 














fWs1~ r 














fWs++1 t 














[Ws-L 


































Operands: 


WbF rWO ... W151: 


/8.W10.W12.W141 




Wsf fWO ... W151: 
Wnd e= [W0 I W2,W4 I W6 1 V 


Operation: 


unsigned (Wb) * signed (Ws) -> {Wnd+1, Wnd} 


Status Affected: 


None 


Encoding: 


1011 


1000 |lwww [wddd 


dppp Issss 


Description: 


MULUS oei 


forms a 16-bit x 16-bit multiply, with the 


result stored in two 




successive working registers. 

The first source operands is intemreted as an unsigned integer and the 


second source operand is interpreted as a two's-complement signed integer. 


The 'w' bits select the address of the base register. 




The 's' bits select the address of the source register. 




The 'p' bits select source address mode 2. 




The 'd' bits select the address of the destination for the product LSBs. 


the register 'd+1' is the destination of the product MSBs. 




See Table 1-5 for modifier addressing information. 




Note: This instruction ooerates in word mode onk 




Words; 


1 


Cycles: 


1 


Example: 




W5 r W6 r W8 ; Multiply W5*W6 to W9:W8 




Before Instruction 
After Instruction 
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TABLE 105 - MULWF: 8-bit x 8-bit Multiply 



Syntax: 


(laheiq 


MULUbi 


f 










































































































Operands! 


f e ro ...81C 


m 


Operation: 


If byte mode. fWw><7:0> * m<7:0> -> W2 






If word mode. IWwl * m -> W3: W2 


Status Affected: 


None 


Encoding: 


1011 


1100 


OBOf 


ffff 


ffff 


ffff 


Description; 


Multinlv the 


s workina rea 


ster and the f 


ile register and place the result in the 




W3:W2 register pair^ 

The *B' bit selects byte or word operation. 




The V bits select the address of the file register. 


Note: Word operation is assumed, 








Words: 


1 


Cycles: 


1 


Example: 




MJJL 


RAM135 ; Multiply Ww by RAM135 




Before Inst 
After Instru 


ruction 
clion 
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TABLE 106 - NEG: Negate Ws 



Patent 



Syntax: 


{labels 


MEGLfa} 




Wd 












rwsi, 


rwdi 














rwdi++ 












rwsi-, 


rwdi.. 












fWs++l, 


rwd-n-i 












rws-i. 


rwd-i 


































Operands: 


WS c= [WO ... W151: Wd <= iWO ... W151 


Operation; 


(Ws)+ 1 Wd 








Status Affected: 


C. DC, N, OV, Z 








Encoding: 




IMG 


OBaa 


oddd 


dppp 


ssss 


Description: 


Compute the 2's complement of the contents of the source register Ws and 




place the result in the destination registerJ&bL 




The 'B' bit selects byte or word operation. 


The 's' bits select the address of the source register. 


The 'd' bits select the address of the destination register. 


tion rather 


The 'p' bits select the source address mode 2 (values 0-4). 


The 'g' bits select the destination address mode 2 (values 0-4). 


See Table 1-5 and Table 1-6 for modifier addressing information. 


Note: The extension .b in the instruction denotes a byte opera 


than a word operation. You may use a .w extension to denote a 


word operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


NEG 


W5.W7 


; Negate 




Before Instruction 
After Instruction 
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TABLE 107 -- NEGAB: Negate Accumulators 



Patent 



Syntax: 


flaheh} 


NEG 


A 














B 




























































































Operands: 


None 


One ration: 


if /NEGAB A) then -ACCA ACCA 






if (NEGAB B) then -ACCB -> ACCB 


Status Affected: 


OA. OB. SA. SB 


Encodina: 


1100 


1011 


A001 


0000 


0000 


0000 


Description: 


Neqate Accumulator. 






The 'A' bits specify the selected accumulator. 






Words: 


1 


Cycles: 


1 


Example: 




NEG B 


; Negate ACCB. result to ACCB 




Before Instru 
After Instruct 


ction 
ion 
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Patent 



TABLE 108 - NEGF: Negate f 



Syntax: 


{laheLi 




f 


f,Ww) 








































































































Operands: 


f e [0... 81911 


Operation: 


^+ 1 destination desianated bv D 


Status Affected: 


C. DC. N r OV. Z 


Encodina: 


1110 


1110 


OBDf 


ffff 


ffff 


ffff 


Description: 


Compute the 2's complement of the contents of the file register and place the 




result in the destination designated by D: If the optional Ww is specified, D=0 


and store result in Ww; otherwise. D=1 and store result in the file register. 


The 'B' bit selects byte or word operation. 




The T bits select the address of the file register. 


The 'D' bit selects the destination. 




Note: The extension .b in the instruction denotes a byte operation rather 


than a word operation. You may use a .w extension to denote a wocd 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


MEG 


RAMI 35 ; Neqate 




Before Instruction 
After Instruction 
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TABLE 109 - NOP: No Operation 







NOP 












































































































Operands^ 


None 


Operation; 


No Operation 


Status Affected: 


None 


Encoding: 


0000 


0000 


xxxx 


xxxx 


xxxx 


xxxx 


Description: 


No Operation is performed. 






The 'x' bits can take any value. 


Words: 


1 


Cycles: 


1 


Examples 


NOP 


;_No_ operation 




Before Instruction 
After Instruction 
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TABLE 110 - NOPR: No Operation 



Syntax: 


{labetg 


NOPR 












































































































Operands: 


None 


Operation! 


No Operation 


Status Affected: 


None 


Encoding: 


1111 


1111 


xxxx 


xxxx 


xxxx 


xxxx 


Description: 


No Ooeration 


is performed. 






The 'x' bits can take any value. 


Words: 


1 


Cycles: 


1 


Example: 


NOPR 


; No Opeation 




Before Instruction 
After Instruction 
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TABLE 11 1 - POP: Pod top of Return Stack 



Syntax: 


/label:) 


POP 


f 










































































































Operands: 


f e TO ... 655341 


Operation: 


(W15)+2 W15 






(TOS) ->f 


^tntiiQ A ff ortiaH ■ 

wLaLUd rMICWLttfU* 


Hons 


Encodina* 


1111 


1001 


ffff 


ffff 


ffff 


ffff 


UC3LI I LJ LI U 1 1 . 


The stack pointer (W15) is pre-incremented and Top of Stack (TOS) value is 




pulled off the stack and written to the file reaister. 




Note: This instruction operates in word mode only. 




Words: 


1 


Cycles: 


1 


Example: 


POP 


RAMI 35 ; Pop 




Before Instruction 
After Instruction 





HOU01 :867605HOU02:4W693*+1M21M 
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Patent 



TABLE 112- PUSH: Pus h top of retu rn stack I JOS) 



Syntax: 


flaheki 


PUSH 


f 










































































































Operands: 


f e [0 ... 65534] 


Operation; 


f->TOS 
(W15)-2 -> W15 


status Mireciea. 


None 


EZ m inn* 

EZMl.UtJIIIyj. 


1111 


1000 


ffff 


ffff 


ffff 


ffff 


Description; 


The file reaister contents are written to the Tod of Stack (TOS) location. Then 




the stack pointer (W15) is post decremented. 




Note: This instruction operates in word mode Only* 




Words: 


1 


Cycles: 


1 


Example: 


PUSH 


RAMI 35 ; Push 




Before Instruction 
After Instruction 





HOU0 1 :867605 HOU02: 1 006 93 3 . 1 1MZ1M 
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TABLE 113 - RCALL: Relative Call 



Syntax: 


{label:} 


RCALL 


Slit16 










































































































Operands: 


SMt16 f r-32768 +327671 


uperaiion. 


(PC\ +2->PC. 






fPC<15:0>)^TOS T 


-^Instruction Register. 


MA/15H2->W15 


fPC<23:16M->TOS. 


fW15Vl2-> W15 


(PCW(2*Slit16)->PC r NOP 


Status Affected: 


None 


Encoding 


0000 


QUI 


nnnn 


nnnn 


nnnn 


nnnn 


Description; 


Subroutine call with a jump up to 32K instructions from the current location. 




First, return address (PC+2) is pushed onto the return stack (20-bits wideX 


Then the sign extended 17-bit value (2 * Slit16) is added to the contents of the 


PC and the result is stored into the PC. RCALL is a two-cycle instruction. 




Words: 


1 


Cycles: 


2 


Example^ 


RCALL 


label 


; Call subroutine 




Before Instruction 






After Instruction 
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TABLE 114 - RCALLW: Computed Call 



Syntax: 


{labels 


RCALL 


Wn 










































































































Operands! 


Wn <= rwo ... \ 




Operation: 


(PC) +2 PC. 


P -> Instruction Register. 




fPC<15:0»->TOS. 


/W15H2^W15 


<PC<23:16»->TOS. 


fW15H2->W15 


(PC) + 12 * (Wn)) -» PC, NO 


Status Affected: 


Hone 


Encoding: 


0000 


0001 


0010 


0000 


0000 


ssss 


Description: 


Comnuted sl 


ibroutine call 


with a iumo i 


jd to 32K inst 


ructions fonw 


ard or back 




from the current location. First, return address fPC+2> is oushed onto the 


return stack. 


l extended 17-bit value 12 * (Wn)) is added to the contents of the 


Then the siar 


PC and the result is stored into the PC. RCALLW is a two-cycle instruction. 




Words: 


1 


Cycles: 


2 


Example: 




RCALL 


W1 1 ; Call subroutine at PC+W1 1 




Before Instru 


dion 






After Instruction 
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TABLE 115 - REPEAT: Repeat next instructi on n times 



Syntax: 


Oaheiq 


REPEAT 


Iit14 










































































































Operands: 


Iit14 * M 163831 


Operation: 


(Iit14) -> LCR (Loop Count Register) 






(PC\+2 -* PC 
Enable Code Loopina 


Status Affected: 


None 


Encoding; 


0000 


1001 


OOkk 


kkkk 


kkkk 


kkkk 


Description: 


The instruction immediately following the REPEAT instruction is repeated_liil4 




times. The repeated instruction is held in the instruction register for all 


iterations and so is fetched onlv once fduring the REPEAT instruction,^ 


would be expected). The first iteration of the repeated instruction pre-felches 


the next instruction. 

The reneat count is decremented during each iteration. When it equals zero, 


the pre-fetch instruction is staged into the instruction and normal execution 


continues. 

The repeated instruction can be interrupted before any iteration, but only by a 


priority 1 (fast context switch) interrupt. Subsequent interrupts must be_held 


pending until the repeat operation is complete. Note that nested repeats (e.g. 


from within the interrupt service routine) are not supported. 




The 'k' bits are an unsigned literal that specifies the loop cquhL 




Words: 


1 


Cycles: 


1 + Iit14 


Example: 


I 


REPEAT ft5 


^Repeat next instruction Slimes 




Before Instru 
After Instruct 


ciion 
ion 
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TABLE 116 - REPEATW: Repeat next instruction Wn times 



Syntax: 




REPEAT 


Wn 










































































































Operands: 


Wn f rwo ... \ 


AM 51 


Operation: 


(Wn) -> LCR (Loop Count Register! 






(PO+2 ^ PC 
Enable Code Looping 


Status Affected: 


None 


Encoding: 


0000 


1001 


1000 


0000 


0000 


ssss 


Description: 


The instruction immediatelv following the REPEAT instruction is repeated (Wn) 




times. The repeated instruction is held in the instruction register for all 


iterations and so is fetched only once (during the REPEAT instruction's 


would be expected). The first iteration of the repeated instruction pre-fetches 


the next instruction. 

The repeat count is decremented during each iteration. When it eauals zero, 


the ore-fetch instruction is staged into the instruction and normal execution 


continues. 

The repeated instruction can be interrupted before any iteration, but only by a 


priority 1 (fast context switch) interrupt. Subsequent interrupts must be held 


nendina until the repeat operation is complete. Note that nested repeats (e.g. 


from within the interrupt service routine) are not supported. 




The 's' bits specify the Wn register that contains the loop CQUnL 




Words: 


1 


Cycles: 


1 + (Wn) 


Example: 


REPEAT W6 


; Repeat next instruction (W6) times 




Before Instruction 
After Instruction 
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TABLE 117 -RESET: Reset 



Syntax: 




RESET 












































































































Operands: 


none 


uperauon. 


Force all registers and flag bits that are affected bMSLR reset to their reset 




condition. 


Status Affected: 


None 


Encoding; 


1111 


1110 


0000 


0000 


0000 


0000 


Description: 


This instruction provides a way to execute a software reset 


Words: 


1 




1 


Example; 


RESET 






Before Instruction 
After Instruction 
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TABLE 118 - RLC: Rotate Left Ws through Carry 



Patent 



Syntax: 


(laheiq 




Ws. 


Wd 












rwsi 


LWdl 












fWs|+ +i 


rwdi++ 












fWs1~ r 


rwdi- 












fWs++l T 


rwd++i 












rws~i T 


rwd~i 


































Operands: 


Ws e rWO ... W151: Wd e RA 


m ... wis] 


Operation: 


For word operation: 






(C\ Wd<0>. fWs<14:0M Wd<15:1>. fWs<15>! C 




For byte operation: 

fO-»Wd<0>. /Ws<6:0»->Wd<7:1>. fWs<7>! -t C 






Status Affected: 


C, N,Z 


Encoding: 


1101 


0010 


IBqq 


qddd 


dppp 


ssss 


Description: 


Rotate the contents of the source reaister Ws one bit to the left throuah the 




carrv flaa and place the result in the destination register Wd. 




The ( B' bit selects byte or word operation, 




The 's' bits select the address of the source reaister. 




The 'd' bits select the address of the destination reaister. 




The 'p' bits select source address mode 2* 




The ( a* bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


n rather than 


Note: The extension .b in the instruction denotes a byte operatio 


a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


RLC 


W5 r W6 ; Rotate left 




Before Instruction 
After Instruction 
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TABLE 119 - RLCF: Rotate Left f through Carry 



Syntax: 




RLCfb} 


f 


(,Ww) 








































































































Operands: 


f f TO ... 81911 


Operation: 


For word o Deration: 






fC> Dest<0>. ff<14:0>l->Dest<15:1>. ff<15» C 




For byte operation: 

/CI Dest<0>. /f<6:0»->Dest<7:1>. /f<7» C 






J 




Status Affected: 


CJ^LZ 


Encoding: 


1101 


0110 


lBDf 


ffff 


ffff 


ffff 


Description: 


Rotate the contents of the file reaister f one bit to the left through the carry 




flag and place the result in the destination designated by D: If the optional 


Ww is soecified. D=0 and store result in Ww: otherwise. D=1 and store result 


in the file register. 

The 'B' bit selects bvte or word ooeration. 


i bvte operation rather 


The D' bit selects the destination. 


register. 


The T bits select the address of the file 


Note: The extension .b in the instruction denotes 2 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


RLC 


RAM135. Ww ; Rotate left 




Before Instruction 
After Instruction 
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TABLE 120 - RLNC: Rotate Left Ws fNo Carrvl 



Patent 



Syntax: 


{lafaaia 


RLNC(.b) 




Wd 












rwsi r 


[Wd] 












[Ws]++ r 


rwdi++ 












rwsi~. 


[Wdl- 












[Ws++] T 


rwd++i 












fWs-1, 


fWd»l 


































Operands! 


Ws f rwo ... \ 


AM51: Wd f rWO ... W151 


Operation; 


For word operation: 






/Ws<14:0» -± Wd<15:1>. <Ws<15>1 Wd<0> 




For byte operation: 

/Ws<6:0>\ Wd<7:1>. <Ws<7» -» Wd<0> 


L 


"J 


Status Affected: 




Encoding: 


1101 


0010 


OBqq 


qddd 


dppp 


ssss 


Description: 


Rotate the contents of the source register Ws one bit to the left and place_the 




result in the destination register Wd. The Carry Flag bit is not affected. 


The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source reaister. 


The 'd' bits select the address of the destination reaister. 




The 'p' bits select source address mode 2. 




The 'a 1 bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


on rather 


Note: The extension .b in the instruction denotes a byte operati 


than a word operation. You may use a .w extension to denote ajword 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


RLNC 


W5 r W6 ; Rotate left 




Before Instruction 
After Instruction 
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TABLE 121 - RLNCF: Rotate Left fl No Carrvl 



Syntax: 


(labels 


RLNCfb} 


f 


(,Ww) 








































































































Operands: 


f f TO ...81911 


Operation: 


For word operation: 






ff<14:0»->Dest<15:1> 


, (f<15>)-> Dest<0> 




For byte operation: 

(f<6:0>) ~± Dest<7:1>. ff<7>) Dest<0> 


L J 


Status Affected: 




Encoding: 


1101 


0110 


OBDf 


ffff 


ffff 


ffff 


Description: 


Rotate the contents of the file register f one bit to the left and place the result 




in the destination designated by D: If the optional Ww is specified, D=0 and 


store result in Ww: otherwise. D=1 and store result in the file reaister. The 


carry flag bit is not affected. 

The 'B' bit selects bvte or word ooeration. 


3 byte operation rather 


The 'D' bit selects the destination. 


reaister. 


The V bits select the address of the file 


Note: The extension .b in the instruction denotes - 


than a word operation. You may use a w extension to denote a word 


operation, but it is not required* 


Words: 


1 




1 


Example: 


RLNC 


RAM 135. Ww Rotate left 




Before Instruction 
After Instruction 
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TABLE 122 - RRC: Rotate Right Ws through Carry 



Patent 



Syntax: 


{labels 


BRCiJa} 


Ws* 


Wd 














[Wdl 












[WS1++, 


[Wdj+j- 












rwsi-, 


fWdl- 












fWs++l r 


fWd++T 












[Ws~], 


fWd-1 


































Operands: 


ws <= rwo ... \ 


A/15]; Wd «= fWO W151 


Operation: 


For word operation: 






(C\ Wd<15> T (Ws<15:1>l -± Wd<14:0>. fWs<0» C 




For byte operation: 

/C^Wd<7>. <Ws<7:1>)-> Wd<6:0> T (Ws<0>)^C 




Status Affected: 


C. N T Z 


Encoding: 


1101 


0011 


lBqq 


qddd 


dppp 


ssss 


Description: 


Rotate the contents of the source reaister Ws one bit to the riant throuah the 




carrv flaa and olace the result in the destination reaister Wd. 




The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source reaister. 




The 'd' bits select the address of the destination reaister. 




The 'p' bits select source address mode 2. 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information* 


on rather 


Note: The extension .b in the instruction denotes a bvte ooerati 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words; 


1 


Cycles: 


1 


Example: 


RRC 


W5.W6 ; Rotate riflht 




Before Instruction 
After Instruction 
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TABLE 123 - RRCF: Rotate Right f through Carry 



Syntax: 


UaheLi 


RRCfb} 


f 


(,Ww) 








































































































Operands: 


f f ro ... 81911 




Operation: 


For word operation: 






(C) Dest<15>. ff<15:1» Dest<14:0>. (f<0» C 




For byte operation: 

(CI Dest<7>. ff<7:1>) Dest<6:0> 1 ff<0>) -> C 








Status Affected: 


C, N f Z 


Encoding: 


1101 


0111 


lBDf 


ffff 


ffff 


ffff 


Description: 


Rotate the contents of the file register f one bit to the left through the carry 




flag and place the result in the destination designated by D: If the optional Ww 


is soecified. D=0 and store result in Ww; otherwise, D=1 and store result in the 


file register^ 

The *B' bit selects bvte or word ooeration. 


a byte operation rather 


The 'D' bit selects the destination. 


reaister. 


The T bits select the address of the file 


Note: The extension .b in the instruction denotes 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


RRC 


RAM135, Ww ^Rotate right 




Before Instruction 
After Instruction 
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TABLE 124 - RRNC: Rota te Right Ws (No Carrvl 



Patent 



Syntax: 


OanelU 


RRNC{.b} 


Ws. 


Wd 












[Wsl 


D/VdJ 












rwsi++, 


fWdl++ 












rwsi-. 


rwdi- 












[WS++1, 


fWd++l 












rws-i. 


[Wd-1 


































Operands; 


Ws f rwo ... \ 


W151: Wd f rW0...W15l 


Operation! 


For word ODeration: 






(Ws<15:1>) Wd<1d:0>. fWs<0>! Wd<15> 




For bvte operation: 

fWs<7:1>)->Wd<6:u>, (Ws<0» Wd<7> 


L 


"J 


Status Affected: 




Encoding: 


1101 


0011 


OBqq 


qddd 


dppp 


ssss 


Description: 


Rotate the contents of the source register Ws one bit to the right and place the 




result in the destination reaister Wd. The Carrv Flaa bit is not affected. 


The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source reaister. 


The 'd' bits select the address of the destination reaister. 




The 'p' bits select source address mode_2* 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


on rather 


Note: The extension .b in the instruction denotes a bvte ODerati 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


RRNC 


WiWfi ^Rotate riqht 




Before Instruction 
After Instruction 
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Patent 



TABLE 125 - RRNCF: Rot ate Right f (No Carry) 



Syntax: 


{label:} 


RRNCf.b} 


f 


(,Ww) 








































































































Operands; 


f f TO ... 81911 




Operation; 


For word operation: 






ff<15:1» Dest<14:0> 


. (f<0>\-» Dest<15> 




For byte operation: 

ff<7:1M Dest<6:0>. <f<0>> Dest<7> 


I 


J 


Status Affected: 




Encoding: 


1101 


0111 


OBDf 


ffff 


ffff 


ffff 


Description: 


Rotate the contents of the file register f one bit to the and place the res u (Lin 




the destination designated by D: If the optional Ww is specified, D=0 and store 


result in Ww: otherwise. D=1 and store result in the file reaister. The cam/ flao 


bit is not affected. 

The 'B' bit selects bvte or word ODeration. 


a byte operation rather 


The 'D' bit selects the destination. 


reoister. 


The 'f bits select the address of the file 


Note: The extension .b in the instruction denotes ; 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required, 


Words: 


1 


Cycles: 


1 


Example: 


RRNC 


RAM 135. Ww ^Rotate rioht 




Before Instruction 
After Instruction 
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TABLE 126 - SAC: Store Accumulator 



Patent 



Syntax: 


(laheJLl 


SAC 


A* 


Wnd, 


f, Slit4] 










B± 


[Wnd], 














rWndl++ 














[Wnd]~ 














rWnd-1, 














fWnd+Wbl r 














[Wnd+lit5] 


































Operands: 


Wnd^rWO ..W151: 






Wb e FWO ... W151: Mt5 e TO 


...311 




Slit4 <= r-8 ... +71 


Operation; 


Shifte,u^ACC\ footionah: fACC[31:16|) Wnd 


Status Affected: 


None 


Encodings 


1100 


1100 


A www wrrr 


rhhh 


ssss 


Description: 


Optionally shift accumulator, then store truncated accumulator. ACC[31:161. to 




the destination effective address. 




The 'A' bits specify the source accumulator. 


et register Wb. 


The 's' bits specify the destination register Wnd. 


The 'h' bits select destination address mode 3. 


The 'w' bits specify the offset amount Iit5 OR the offs 


The 'r' bits encode the optional operand Slit4 which determines the amount of 


the accumulator oreshift; if the operand Slit4 is absent, a 0 is encoded. 


See Table 1-7 for modifier addressing information. 


ithmetic shift right. 


Note: Positive values of operand Slit4 represent ai 


Negative values of operand Slit4 represent shift left. 


Words; 


1 


Cycles: 


1 


Example: 


SAC 


A,W5 ; Store Accumulator^ 




Before Instruction 
After Instruction 
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TABLE 127 - SCRATCH: Push Shadow Registers 



Syntax: 




PUSH.S 












































































































uperarjua*. 


None 


O no ration * 


Push shadow registers. Shadowed reaisters include W0...W15 and STA-TUS. 






Status Affected: 


None 


Encoding; 


1111 


1110 


1010 


0000 


0000 


0000 


Description; 


The contents 


of the primai 


-y registers_aj 


re copied into the shadowj 


registers 


Words: 


1 




1 


Example: 




PUSH.S 


; Push registers to shadows 




Before Instruction 
After Instruction 
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TABLE 128- SETF: Set orWw 



Patent 



Syntax: 


flahehl 


SETM{.b} 


f 














Ww 




























































































Operands: 


f ^TO ... 81911 




Operation; 


OxFFFF -> destination designated by D 


Status Affected: 


None 


Encoding; 


1110 


1111 


lBDf 


ffff 


ffff 


ffff 


Description: 


Set the reaister desianated bv D: If the ootional Ww is specified, D=0 and set 




Ww; otherwise, D=1 and set the file register. 




The ( B' bit selects byte or word operation. 


The T bits select the address of the file register. 


The ( D' bit selects the destination. 




Note: The extension b in the instruction denotes a byte operation rather 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


ifltords; 


1 




1 


Example: 


SEIM 


345 ; Set location 345 




Before Instruction 
After Instruction 
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TABLE 129 - SFTAC: Arithmetic Shift Accumulator 



Patent 



Syntax: 


{label! 


SFTAC 


A* 


Wb 












S* 




























































































Operands^ 


wb f rwo ... \ 


AM 51 


Operation; 




Status Affected: 


OA T OB T SA. SB 


Encoding: 


1100 


1000 


A000 


0000 


0000 


ssss 


Description: 


Arithmetic shift of accumulator. 


shift amount. Only the least significant 5 




The contents of Ws are used as the 


bits of the Ws are used. If Ws<4:0> is positive, the shift is a riflht shift by 


Ws<4:0> bits. If Ws<4:0> is neaative. the shift is a left shift bv -Ws<4:0> bits. 


The 'A' bit selects the accumulator for the result. 




The *s' bits select the address of the shift count register* 






Words; 


1 


Cycles: 


1 


Example: 


SFTAC A r W5 


^hifLAccumulator A right (W5) bits 




Before Instruction 
After Instruction 
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TABLE 130 - SFTACK: Arithmetic Shift Accumulator 



Patent 



Syntax: 


{labels 


SFTAC 


At 


SlitS 












B* 




























































































Operands: 


SlitS f [-16 151 


Operation: 


Shift^ACC) 


Status Affected: 


OA r OB r SA_5B 


Encoding; 


1100 


1000 


A100 


0000 


000k 


kkkk 


Description: 


Arithmetic shift of accumulator. 


t. If SlitS is positive, the shift is a riaht 




The SlitS is used as the shift amoun 


shift bv SlitS bits. If SlitS is negative, the shift is a left shift bv -SlitS bits. 


The 'A' bit selects the accumulator for the result. 




The 'k' bits determine the number of bits to be shifted. 






Words: 


1 


Cycles: 


1 


Example: 


SFTAC 




; Shift Accumulator B right five bits 




Before Instruction 
After Instruction 
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TABLE 131 - SL: Shift Left Ws 



Patent 



Syntax; 




SL/bi 




Wd 












LWsI 


LWdl 












[Ws]++ r 


[WdJ+j: 












rwsi~. 


fWd]-- 












fWs++l r 


rwd++l 












rws--i, 


fWd~l 


































Operands: 


Ws r TWO ... \ 


W15l;WdFrW0.._W15l 


Operation: 


For word operation: 






/Ws<15>UC. fWs<14:0>l->Wd<15:1>. 0 -» Wd<0> 




For byte operation: 

<Ws<7>*->C. /Ws<6:0>l->Wd<7:1> r 0 -> Wd<0> 








Status Affected: 


C f IM r OV r Z 


Encoding: 


1101 


0000 


OBqq 


qddd 


dppp 


ssss 


Description: 


Shift the contents of the source register Ws one bit to the left and olace the 




result in the destination reaister Wd. Shift '0' into the LSB of Wd. The Carrv 


Flag is set if the MSB of Ws is '1 '. 




The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source reaister. 


The 'd' bits select the address of the destination reaister. 




The 'p' bits select source address mode 2. 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


on rather 


Note: The extension b in the instruction denotes a bvte ooerat 


than a word operation. You may use a .w extension to denote a_wocd 


operation, but it is not required. 


Words; 


1 


Cycles: 


1 


Example: 


SL 


W5 r W6 ; Shift left 




Before Instruction 
After Instruction 
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TABLE 132 -SLEEP: Enter SLEEP mode 



Syntax: 


(laheiq 


SLEEP 


Ut4 










































































































Ooerands" 


Iit4ef0... 15] 


Operation; 


0 WDT. 

0 -» WDT prescaler count, 

1->IQ 
O^PD 

Enter sleep mode (Iit4) 


Status Affected: 


=rr*\ Dn 


Encoding: 


1111 1110 


0100 


0000 


0000 


kkkk 


Description; 


The power-down status bit^ is cleared. Time-out statusTlSK, is seLIhe 




Watchdog Timer and its prescaler are cleared. The processor is put into 


SLEEP mode selectecLbyJM* 


Words: 


1 


Cycles: 


1 


Example: 


SLEEP 0 


Jjirn off the device oscillator. 




Before Instruction 
After Instruction 
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TABLE 133 - SLW: Shift Left bv Wns 



Syntax; 



{labeU 



SL 



Wb. 



Wns, 



Wnd 



Operands: 



Wh p fWO W1S1: Wns p fWO W151: Wnd «= fWO ... W1S1 



Operation: 



Wns<3:0>-»Shift Val 



0->Shift ln<3Q:16> 



Wh<1S:f»->Shift ln<1fi:0> 



0-»Shift Out<39:16+Shift Val> 



Shift ln<1S:0l>->Shift Out<1S+Shift VahShift Val> 



If Wns<4>==0: /less than 16) 
n^.CARRY1<1S:0> 



Shift Oiit<31:1fi>->CARRY0<15:0> 



Shift Out<15:0>->Wnd<15:0> 



If Wns<4>==1 : (16 or greater! 

Shift Out<31:16>->CARRY1<15:0> 



Shift Oiit<15:0>->CARRY0<15:0> 



0->Wnri<15;fl> 



Status Affected: 



Encoding; 



1101 



1101 



Owww 



wddd 



dOOO 



ssss 



Description: 



Shift left the contents of the source register Wb by Wns bits (up to 31 
positions), placing the result in the destination register Wnd. Bits thaLare 
shifted beyond the leftmost position of the source are stored in the CARRY1 
and CARRY O registers. 



The Z and SZ bits will be set if the value placed in Wnd is zero and cleared 



otherwise. The C bit will be set if anv of the bits shifted out were set fin other 
words, if the resultant CARRY is non-zero) and cleared otherwise- 



Note: This instruction operates in word mode only. 



Words: 



HOUOI:867605HOU02:l00 6 933.liMZlM. 
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TABLE 134- SRAC: Store Rounded Accumulator 



Patent 



Syntax: 




SAC.R 


A* 


Wnd, 


\r Slit41 










§* 


fWndL 














[Wnd]++ 














fWndl- 














rwnd-i r 














fWnd+Wbl f 














fWnd+litfil 


































Operands; 


Wnd e rWO ... W151; 






WberW0 ...W15l: litSefO 


... 311 




Slit4 e f-8 ... +71 


Operation: 


ShiftWACO (optional);RoundfACC^:^ACC[31:16l) Wnd 


Status Affected: 


Hone. 


Encoding; 


1100 


1101 


Awww 


wrrr 


rhhh 


SSSS 


Description: 


Optionally shift accumulator, round and store converqent rounded 






accumulator. ACC. to the destination effective address. 


The 'A' bits specify the source accumulator. 




The 's' bits specify the destination register Wnd. 


register Wb. 


The 'h' bits select destination address mode 3. 


The 'w' bits soecifv the offset amount Iit5 OR the offset 


The V bits encode the optional ooerand Slit4 which determines the amounLof 


the accumulator d res hi ft: if the ooerand Slit4 is absent, a 0 is encoded. 


See Table 1-7 for modifier addressing information. 


fimetic shift right. 


Note: Positive values of ooerand Slit4 reoresent aritl 


Negative values of operand Slit4 represent shift leJL 


Words: 


1 


Cycles: 


1 


Example: 




SACR B r W5 


;J5tore RoundedAccumulator 




Before Instru 
After Instruct 


ction 
ion 
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TABLE 135 - SUB: Subtract Ws from Wb 



Syntax: 


(laheJLt 


SUBLhl 


Wb* 


Ws, 


Wd 












DftteL 


rwdl 












rwsi++ r 


fWd1++ 












[Ws]-, 


[Wdl- 












[Ws++] r 


fWd++1 












rws--i. 


fWd-1 
































Operands: 


Wb f FWO ... W151: Ws «= FWO ... W151: Wd e iWO ... 


W151 


Operation: 


(Wb)-(Ws)^Wd 


Status Affected: 


C r DC. N. OV. Z 


Encoding: 


0101 


Owww 


wBqq 


qddd 


dppp 


ssss 


Description: 


Subtract the contents of the source register Ws from the contents of the 




base reaister Wb and olace the result in the destination reaister Wd. 


The 'B' bit selects byte or word operation. 




The V bits select the address of the source reaister. 




The 'w' bits select the address of the base register 


oistec 


The *d' bits select the address of the destination re 


The ( d' bits select source address mode 2. 




The 'q' bits select destination address mode_2* 


a information. 


See Table 1-5 and Table 1-6 for modifier addressing 


Note: The extension .b in the instruction denotes a byte operation rather 


than a word operation. You may use a w extension to denote a 

word operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


SUB W5 r W6,W7 


^SuJbtract W5 from W6 




Before Instruction 
After Instruction 
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TABLE 136 - SUBAB: Subtract Accumulators 



Patent 



Syntax: 


{label;} 


SUB 


A 














B 




























































































Operands: 


none 


Onpration* 


if (SUBAB A\ then ACCA - ACCB -» ACCA 






if (SUBAB B) then ACCB - ACCA -> ACCB 


Status Affected: 


OA. OB. SA. SB 


Encoding: 


1100 


1011 


AO 11 


0000 


0000 


0000 


Description: 


Subtract A( 


xumulators and write results to selected accumulator. 




The 'A' bits specify the destination accumulator. 






Words: 


1 


Cycles: 


1 


Example: 


SUB B 


: Subtract ACCA from ACCB. result to ACCB 




Before Instruction 
After Instruction 
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TABLE 137 - SUBB: Subtract Ws from Wb with Borrow 



Patent 



Syntax; 


flaheiq 


SUBB{.b} 




Ws. 


Wd 












fWs], 


rwdi 












fWs]++ r 


[Wdl++ 












fWs]~ t 


rwdi- 












[Ws++L 


rwd++i 












fWs--1 t 


rwd--i 
































Operands: 


wb <= rwo ... \ 


A/151: Ws <= rWO .. W151: W 


rd f rwo ..wisi 


Operation: 


(Wb)-(Ws)-(C)-> Wd 


Status Affected: 


C. DC. N. OV. Z 


Encoding: 


0101 


Iwww 


wBqq 


qddd 


dppp 


ssss 


Description: 


Subtract the contents of the source register Ws and the Carry flag from the 




contents of the base register Wb and place the result in the destination 


register Wd. 

The *B' bit selects byte or word operation. 




The 's' bits select the address of the source register. 


The 'w' bits select the address of the base reaister. 


The *d' bits select the address of the destination reaister. 




The 'p' bits select source address mode 2. 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


on rather 


Note: The extension .b in the instruction denotes a bvte ooerati 


than a word operation. You may use a .w extension to denote a word 


operation r but it is not required. 


Words; 


1 


Cycles: 


1 


Example: 


SUBB 


W5.W6.W7 ; Subtract 




Before Instruction 
After Instruction 
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TABLE 138 - SUBBFW: Subtract f and Carry bit from Ww 



Syntax: 


flahehl 


SUBRB{.b} 


f 


(,Ww) 








































































































Operands: 


f <= [0 ... 8191] 


Operation: 


(Ww) - (f) - (C) -> destination designated by D 


Status Affected: 


C T DC. N. OV. Z 


Encoding: 


1011 1101 


IBDf 


ffff 


ffff 


ffff 


Description: 


Subtract the contents of the file register and the carry bit from the contents-oi 




the working register and place the result in the destination designated byJLJf 


the ootional Ww is soecified. D=0 and store result in Ww: otherwise. D=1 and 


store result in the file register. 

The 'B' bit selects bvte or word one? rat ion 


a byte operation rather 


The 'D' bit selects the destination. 


register. 


The T bits select the address of the file 


Note: The extension .b in the instruction denotes ; 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


SUERB 


RAMI 35. Ww ; Subtract 




Before Instruction 
After Instruction 
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TABLE 139 - SUBBLS: Subtract Short Literal from Wb with Borrow 



Patent 



Syntax: 




SUBB{.b> 




U15, 


Wd 














rwdi 














[Wdl++ 














fWdl- 














fWd++] 














fWd-1 
































Operands: 


Wb «= [WO ... \ 


A/151: litS f TO 311: Wd f TWO ... W151 


Operation: 


(Wb)-lit5-p)->Wd 


Status Affected: 


C. DC. N. OV. Z 


Encoding: 


0101 


lwww 


wBaa 


qddd 


dllk 


kkkk 


Description: 


Subtract the literal operand and the Carry bit from the contents of the base 




reaister Wb and olace the result in the destination reaister Wd. 




The 'B' bit selects byte or word operation. 




The 'w' bits select the address of the base reaister. 




The 'k* bits provide the literal operand, a five-bit integer number. 




The 'd' bits select the address of the destination register. 


The 'q' bits select destination address mode 2. 




See Table 1-6 for modifier addressing information^ 


a byte operation rather 


Note: The extension b in the instruction denotes 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 




1 


Example: 


suae 


W5 f #12,W7 : Subtract 




Before Instruction 
After Instruction 
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TABLE 140 - SUBBLW: Subtract Wn from Literal with Borrow 



Syntax: 


^lataeia 


SUBBfb} 


SlitKL 


Wn 








































































































Operands: 


SliMO <= r-512 ... 5111: Wn e [WO ... W15] 


Operation: 


SliMO -<WnWp)->Wn 


Status Affected: 


C. DC. N.OV.Z 


Encoding: 


1011 


0001 


lBkk 


kkkk 


kkkk 


dddd 


Description: 


Subtract the literal ooerand and the Carrv bit from the contents of the workina 




reaister Wn and olace the result in the working register Wn. 


on rather 


The 'B' bit selects byte or word operation. 


r. 


The 'd' bits select the address of the working registe 


The 'k' bits specify the literal operand, a signed 10-bit number. 


Note: The extension .b in the instruction denotes a bvte ooerat 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not reauired. 


Words; 


1 


Cycles: 


1 


Example: 


SUBB 


#123 T W7 ^Subtract 




Before Instruction 

After Instruction 
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TABLE 141 - SUBBR: Subtract Wb from Ws with Borrow 



Patent 



Syntax: 


(lafaeia 


SUBBRfb} 


Wb, 


Ws, 


Wd 












DflfsL 


[Wd] 












rwsi++ r 


fWd]++ 












rwsi~ r 


[Wd]- 












rws++i. 


rwd++i 












[Ws-], 


[Wd-] 
































Operands: 


Wb <= rwo ... i 


W151: Ws F rWO ... W151: Wd f fWO ... W151 


Operation: 


(Ws)-(Wh)-(C)->Wd 


Status Affected: 


C. DC. N. OV. Z 


Encoding: 


0001 


lwww 


wBqq 


qddd 


dppp 


ssss 


Description: 


Subtract the contents of the base register Wsb and the Carry flag from the 




contents of the source register Ws and place the result in the destination 


register WfL 

The 'B' bit selects byte or word operation. 




The V bits select the address of the source register. 


The 'w' bits select the address of the base register. 


The 'd' bits select the address of the destination reaister 




The 'p' bits select source address mode 2* 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


on rather 


Note: The extension b in the instruction denotes a bvte ooerat 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


SUBBR W5 r W6 r W7 


; Subtract W6 from W5 with borrow 




Before Instruction 
After Instruction 
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TABLE 142 - SUBBRLS: Subtract Wb from Short Literal with Borrow 



Patent 



Syntax: 


OaheL} 


SUBBRfb} 




U15 


Wd 














LWdl 














fWdl++ 














fWdl- 














pwd++l 














fWd--1 
































Operands: 


Wb f rwo ... i 


IA/151: Iit5 <= TO ... 311: Wd f PWO ... W151 


Operation: 


iit5-(Wb)-(n)^Wd 


Status Affected: 


C r DC t N t ov f z 


Encoding: 


0001 


Iwww 


wBqq 


qddd 


dllk 


kkkk 


Description: 


Subtract the contents of the base reaister Wb and the Carrv flaa from Iit5 and 




place the result in the destination registerJflfcL 




The 'B' bit selects bvte or word ooeration. 


The W bits select the address of the base reaister. 


The 'k' bits provide the literal operand r a five-bit integer number. 


on rather 


The *d' bits select the address of the destination register. 


The 'q' bits select destination address mode 2. 


nformation. 


See Table 1-5 and Table 1-6 for modifier addressina i 


Note: The extension b in the instruction denotes a byte operat 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words; 


1 


Cycles: 


1 


Example: 




SLLBBR 


W5 T #12 T W7 ; Subtract W5 from 12 




Before Instru 
After Instruct 


ciion 
ion 
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TABLE 143 - SUBBWF: Subtract Ww and Carry bit from f 



Syntax: 


(labels 


SUBBfb* 


f 


(,Ww) 








































































































Operands: 


f <= fO... 81911 




Operation: 


(f) - (Ww) - (P.) -> destination designated by D 


Status Affected: 


ICV DC. N. ov. z 


Encoding: 


1011 


0101 


IBDf 


ffff 


ffff 


ffff 


Description: 


Subtract the contents of the working register and the carry bit from the 




contents of the file register and place the result in the destination designated 


bv D: If the oDtional Ww is soecified. D=0 and store result in Ww: otherwise. 


D=1 and store result in the file reaister. 




The 'B' bit selects byte or word operation. 


a byte operation rather 


The 'D' bit selects the destination. 


register. 


The 'f bits select the address of the file 


Note: The extension .b in the instruction denotes 


than a word operation. You may use a .w extension to denote a w_o_r_d 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


SUBB 


RAM135 r Ww ; Subtract 




Before Instruction 
After Instruction 
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TABLE 144 - SUBFW: Subtract f from Ww 



Syntax: 


£labeU 


SUBRfb) 


f 


( f Ww) 








































































































Operands: 


f e TO ... 81911 




Operation: 


(Ww) - If) -> destination desianated by D 


Status Affected: 


C r DC T N. OV. Z 


Encoding: 


1011 


1101 


OBDf 


ffff 


ffff 


ffff 


Description: 


Subtract the contents of the file reqister from the contents of the working 




register and place the result in the destination designated by D: If the optional 


Ww is soecified. D=0 and store result in Ww: otherwise. D=1 and store result 


in the file register* 

The 'B' bit selects byte or word operation. 


a byte operation rather 


The 'D' bit selects the destination. 


register. 


The 'f bits select the address of the file 


Note: The extension .b in the instruction denotes 


than a word operation- You mav use a .w extension to denote a_word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


SLIBR 


RAM135, ww ; Subtract 




Before Instruction 
After Instruction 
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TABLE 145 - SUBLS: Subtract Short Literal from Wb 



Patent 



Syntax: 




SllBfJbl 


Wb, 


[itS, 


Wd 














LWdl 














fWd]++ 














[Wd]~ 














fWd++1 














[Wd~] 
































Operands^ 


Wb <= rWO ... W151: litS «= TO ... 311: Wd e (WO ... W15] 


Operation: 


(Wb) - litS^Wd 


Status Affected: 


C. DC. N. OV. Z 


Encoding: 


0101 


Owww 


wBqq 


qddd 


dllk 


kkkk 


Description: 


Subtract the literal operand from the contents of the base register Wb and 




place the result in the destination register Wd. 




The ( B' bit selects byte or word operation. 


The 'w' bits select the address of the base reaister. 


The 'k' bits provide the literal operand, a five-bit integer number* 




The 'd' bits select the address of the destination register. 


The ( q f bits select destination address mod&2* 




See Table 1-6 for modifier addressing information. 


a byte operation rather 


Note: The extension .b in the instruction denotes 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example; 


SUB 


W5 r #12 r W7 ; Subtract 




Before Instruction 
After Instruction 
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TABLE 146 - SUBLW: Subtract Wn from Literal 



Syntax; 


{laheti 


SUBfJbl 


Slit10 r 


Wn 








































































































Operands^ 


SlitIO e T-512 ... 5111: Wn f [WO ... W15] 


Operation: 


Slit10-{Wn)->Wn 


Status Affected: 


C. DC r N. OV. Z 


Encoding: 


1011 


0001 


OBkk 


kkkk 


kkkk 


dddd 


Description: 


Subtract the workina reaister from the contents of the literal ooerand and 




place the result in the working register Wn. 




The 'B' bit selects bvte or word one ration. 


The *d' bits select the address of the working register. 


on rather 


The *k' bits specify the literal operand, a signed 10-bit number. 


Note: The extension b in the instruction denotes a bvte ooerat 


than a word ooeration. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


SUB 


#123 r W7 ^Subtract 




Before Instruction 
After Instruction 
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TABLE 147 - SUBR: Subtract Wb from Ws 



Patent 



Syntax: 


{laheLi 




Wfau 


W£L 


Wd 














Dflfdl 












fWsl++ f 


rwdl++ 












fWsK 


[Wdl- 












fWs++] r 


rwd++i 












rws--i. 


rwd-i 
































Operands; 


Wb «= rwo ... y 


A/151; Ws <= rWO ... W151: Wd f fWO ... W151 


Operation: 


(Ws) - (Wb) Wd 


Status Affected: 


C r DC, N f OV r Z 


Encoding: 


0001 


Owww 


wBcrcr 


qddd MpPP 


ssss 


Description: 


Subtract the contents of the base reaister Wb from the contents of the source 




register Ws and place the result in the destination register Wd. 




The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source register. 




The l w' bits select the address of the base reaister. 


The 'd' bits select the address of the destination reaister. 




The 'p' bits select source address mode 2. 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


on rather 


Note: The extension .b in the instruction denotes a bvte ooerati 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not reguirecL 


Words: 


1 




1 


Example: 


SURE 


W5 r W6 r W7 ; Subtract W6 from W5 




Before Instruction 
After Instruction 
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TABLE 148 - SUBRLS: Subtract Wb from Short Literal 



Patent 



Syntax: 


(laheU 


SUBRfb} 


Wb. 


titS 


Wd 














fWdl 














[Wd]++ 














rwdi- 














[Wd++1 














fWd-1 
































Operands: 


wh rwo ... \ 


AM51: Iit5 c TO 311: Wd f fWO ... W151 


Operation: 


Iit5 - (Wb) Wd 


Status Affected: 


C r DC, N f OV r Z 


Encoding: 


0001 


Owww 


wBqq 


qddd 


dllk 


kkkk 


Description: 


Subtract the contents of the base reaister Wb from the Iit5 and Dlace the result 




in the destination register Wd. 

The ( B' bit selects byte or word operation. 




The 'w' bits select the address of the base reaister. 


The k' bits provide the literal operand, a five-bit integer number. 


on rather 


The 'd' bits select the address of the destination register. 


The 'q' bits select destination address mode 2. 


nformation. 


See Table 1-5 and Table 1-6 for modifier addressing i 


Note: The extension b in the instruction denotes a bvte ooerati 


than a word operation. You may use a w extension to denote a_word 


operation, but it is not required. 


Words; 


1 


Cycles: 


1 


Example: 


SLtBB 


W5 r #12 r W7 ; Subtract W5 from 12 




Before Instruction 
After Instruction 
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TABLE 149 - SUBWF: Subtract Ww from f 



Syntax: 




SUB{.b} 


f 


(,Ww) 








































































































Operands: 


f e TO... 81911 




Operation: 


(f) - (Ww) -> destination designated by D 


Status Affected: 


C. DC. NL OV. Z 


Encoding: 


1011 


0101 


OBDf 


ffff 


ffff 


ffff 


Description: 


Subtract the contents of the workina reqister from the contents of the file 




reqister and olace the result in the destination des'mnated by D: If the optional 


Ww is soecified. D=0 and store result in Ww; otherwise, D=1 and store result 


in the file register. 

The 'B' bit selects bvte or word ooeration. 


a byte operation rather 


The 'D' bit selects the destination. 


register. 


The T bits select the address of the file 


Note: The extension .b in the instruction denotes 


than a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


SUB 


RAM135, ww ; Subtract 




Before Instruction 
After Instruction 
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TABLE 150 - SWAP: Bvte or Nibble Swap Wn 



Syntax: 




SWAP 


Wn 










































































































Operands: 


Wn p [WO ... \ 


AM 51 


Operation; 


If B=0- /Wn\<15:8> ^ fWn><7:0> 






If B=1: fWn><7:4> ^ rWn><3:0> 




Status Affected: 


None 


Encoding: 


1111 


1101 


1B00 


0000 


0000 


ssss 


Description: 


If in word mode, byte swap Wn register. 


r. Wn<15:8> are unaffected. 




If in bvte mode, nibble swap Wn reaiste 


The *B' bit selects bvte or word operation. 




The *s' bits select the address of the working register* 


ion rather 


Note: The extension .b in the instruction denotes a bvte ooerat 


than a word operation. You may use a .W extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example! 


SWAP 


W11 ;_3wap Bytes 




Before Instruction 
After Instruction 
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TABLE 151 - TBLRDH: Table Read High 



Patent 



Syntax: 




TBLRDHfb} 


[WsJ f 


Wd 












fWsl++ t 


[Wd] 












rwsi~, 


fWd]++ 












[Ws++1, 


rwdi- 












rws-i. 


fWd++l 














rWd~1 




















Operands; 


Ws f fWO ... W151: Wd <= fWO ... W151 


Operation: 


In Word Mode: 






Proaram Mem mTAGNUM).(Ws)1<23:16> -> Wd <7:0> 




0->Wd <15:8> 
In Byte Mode: 

lfLSB(Ws)=1. 0->Wd<7:0> 




Else if LSBfWs>=0. Proqram Mem [fPAGNUMUWstl <23:16>->Wd<7:0> 


Status Affected: 


Mone 


Encoding: 


1011 


1010 


lBqq 


addd 


dppp 


ssss 


Description: 


This instruction is used to read the contents of program memory. 


:on tents of 




The oroaram memorv address is calculated bv concatenatina the c 


the 8-bit Table Pointer (PAGNUM) register with the contents of the Ws register. 


Because the Ws value is always used as an address, the direct form of the first 


operand is invalid* 

The program memory word is stored in the location indicated by the Wd 


operand* 

For this instruction, the upper 8 bits of the proqram memory word 


(extended with 'O's) are read. 

The 'B' bit selects bvte or word ooeration. 




The 's' bits select the address of the source (address) register. 




The 'd' bits select the address of the destination (data) register. 


The 'p' bits select source address mode 2. 




The t q l bits select destination address mode_2* 


vte move rather than a 


Note: The extension .b in the instruction denotes a b 


word move. You may use a .w extension to denote a word move, but it 


is not required, 


Wotd&l 


1 


Cycles: 


2 


Example: 


TBLRDH W5 t W6 


iJBead Proaram Memorv High 




Before Instruction 
After Instruction 
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TABLE 152 - TBLRDL: Table Read Low 



Patent 



Syntax: 


{laheU 


TBLRDLf.b) 


QflteL 


Would 












[Wsl++, 


D/Vdl 












[Ws]--, 


[Wd]HH- 












rws++i. 


fWdl- 












fWs-1, 


rwd++i 














fWd-1 














W|J.Ci.g,iiu Qj. 


WsFrW0...W15l:Wd e rWC 


► W151 


Operation: 


In Word Mode: 


/IWWsN <15:0>-* Wd 

m Mem [(PAGNUM).(Ws)] <15:8> -> Wd<7:0> 




Program Mem HPAGNUft 
In Byte Mode: 

lfLSB(Ws)=1. Proara 


Else if LSB/Ws^O. Proaram Mem rfPAGNUMWWsH <7:0> Wd<7:0> 


Status Affected: 


None 


Encoding: 


1011 


1010 


OBqq 


qddd 


dppp 


ssss 


Description: 


This instruction is used to read the contents of program memory. 


contents of 




The oroaram memorv address is calculated bv concatenated the c 


the 8-bit Table Pointer (PAGNUM) register with the contents of the Ws register. 


Because the Ws value is always used as an address, the direct form of thelirsl 


operand is invalid. 

The program memory word is stored in the location indicated by the Wd 


operand. 

For this instruction, the lower 16 bits of the nroaram memorv word are 


read. 

The 'B' bit selects bvte or word ODeration. 




The 's' bits select the address of the source (address) register^ 




The 'd ? bits select the address of the destination fdata* reaister. 


The 'p' bits select source address mode 2. 




The 'g' bits select destination address mode^ 


yte move rather than a 


Note: The extension b in the instruction denotes a b 


word move. You may use a .w extension to denote a word move, but it 


is not required. 


Words: 


1 


Cycles: 


2 


Example: 


IBLRDL 


W5. W6 


; Read Program Mememory Low 




Before Instruction 
After Instruction 
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TABLE 153 - TBLWTH: Table Write High 



Patent 



Syntax: 




TBLWTH 


Ws. 














[WgL 


fWd1++ 












rwsi++ r 


fWdl- 












[Ws1~ r 


fWd+-f1 












rws++i f 


rwd-i T 












fWs-1, 






















uperanas. 


ws f rwo ... \ 


A/151: WdF VW0...W1 51 


Operation: 


In Word Mode: 






fWs><7:0>-> Proaram Mem [{PAGIMUMUWdH <23:16> 


> 

X3NUM).{Wd)]<23:16> 


In Byte Mode: 

If LSBfWd>=1. NOP 

Else if LSB(Wd)=0, Ws<7:0>-> Proaram Mem UPA 


Status Affected: 


Mone 


Encoding: 


1011 


1011 


IBqq 


qddd 


dppp 


ssss 


Description: 


This instruction is used to write the contents of Program Memory. 


contents of 




The oroaram memory address is calculated bv concatenated the 


the 8-bit Table Pointer (PAGNUM) register with the result of the Wd operand. 


Because the Wd value is always used as an address, the direct form of the 


second operand is invalid* 

The contents of the Ws ooerand are stored into oroaram memorv at the 


location indicated by the Wd operand* 


of the program memory word. 


This instruction writes the uooer 8 bits 


The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source (data) register. 




The 'd' bits select the address of the destination (address) reaiste 


The 'p' bits select source address mode 2* 


byte move rather than a 


The 'q' bits select destination address mode 2. 


Note: The extension .b in the instruction denotes a 


word move. You may use a .w extension to denote a word move r but it 


is not required. 


Words: 


1 


Cycles: 


2 


Example: 


TBLWTH 


W5. W6 ; Load Program Memory High 




Before Instruction 
After Instruction 
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TABLE 154 - TBLWTL: Table Write Low 



Patent 



Syntax: 


flaheLi 


TBLWTLfb} 


Ws. 


LWdl 












[Ws], 


fWdi++ 












rwsi++ r 


[Wd]~ 












[Ws]- r 


PA/d++i 












fWs+H 


fWd-lr 












fWs~1, 






















Operands: 


Ws <= HA/0 ... W151: Wd <= rWO ... W151 






S f TO. 11 /default = Q) 


Operation: 


In Word Mode: 

fWsl Proaram Mem NPAGNUMWWdll <15:0> 


JMUWdll <15:8> 


In Byte Mode: 

If LSB/Wsl=1. Ws<7:0> ^ Proaram Mem T/PAGNl 


Else if LSBfWd)=0 T Ws<7:0> Program Mem f(PAGNUM) r (Wd)] <7:0> 


Status Affected: 


None 


Encoding: 


1011 


L011 OBqq 


qddd 


dppp 


ssss 


Description: 


This instruction is used to program the contents of Program Memory, 




The program memory address is calculated by concatenating the contents_of 


the 8-bit Table Pointer (PAGNUM) reaister with the result of the Wd operand, 


Because the Wd value is always used as an address, the direct form_of_the 


second operand is invalid. 

The contents of the Ws ooerand are stored into oroaram memorv at the 


location indicated by the Wd operand. 


of the oroaram memorv word. 


This instruction writes the lower 16 bits 


The 'B' bit selects byte or word operation. 




The 's' bits select the address of the source (data) register. 




The 'd* bits select the address of the destination (address) registei 


The 'p' bits select source address mode 2* 


byte move rather than a 


The *q' bits select destination address mode 2 


Note: The extension .b in the instruction denotes a I 


word move. You may use a .w extension to denote a word move r but it 


is not required, 


Words: 


1 


Cycles: 


2 


Example: 




IBLWIL 


W5. W6 iLoad Program Memory Low 




Before Instruc 
After Instruct! 


Hon 
on 
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TABLE 155 - ULNK: De-allocate Stack Frame 



Syntax: 




ULNK 












































































































Operands: 


Hone 


Operation; 


W14-» W15: 
rW15++1 ^ W14 


Status Affected ■ 


None 


Encoding: 


1111 


1010 


1000 


0000 


0000 


0000 


Description: 


This instructi 


on de-allocates a stack frame and adiusts the stack Dointer and 




frame pointer. 


Words: 


1 


Cycles: 


1 


Example: 


ULNK iDeatiocate stack frame 
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Patent 



TABLE 156 - TRAP: Trap to vectorflitH with Iit16 



Syntax: 


{label:} 


TRAP 


litL 


litlfi 








































































































Operands: 


Iit1 e r0.1l: 

Ht1G f [0 ... 65535] 


Operation: 


(PC\ +2 PC. 






(PC<15:0>)^.TOS, 

rW15H2-».W15 

fPC<23:16>l->TOS. 

lW15H2-».W15 

Vector(lit1) PC; 

lit16-»TOS 


**tatn^ AffprtpH* 


None 


Encoding: 


0000 


lOln 


kkkk 


kkkk 


kkkk 


kkkk 


Description: 


This instructi 


on allows ins 


truction expa 


nsion. The in 


struction will 


call a vector 




location with the Iit1 6 value pushed onto the stack. 


Words: 


1 


Cycles: 


2 


Example: 


TRAP 


#0,#ux5A5A 
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Patent 



TABLE 157 - XOR: Exclusive or Wb and Ws 



Syntax: 


OaheLl 


XOR(.b) 


WfcL 


Ws. 


Wd 












[Ws] r 


Qflfdl 












rwsi++ f 


pWdl++ 












[Ws]-, 


fWdl- 












fWs++l r 


rwd++i 












rws-i, 


fWd-1 
































Operands.: 


Wb f rWO ... W15]; Ws e [WO ... W151: W 


fd e fWO ... W151 


Operation: 


(Wb).XOR.(Ws) Wd 


Status Affected: 




Encoding: 


0110 


lwww 


wBacr 


qddd 


dppp 


ssss 


Description: 


Compute Exclusive OR of the contents of the source register Ws and the 




contents of the base reqister4 Wb and place the result in the destination 


register Jfl/lL 

The 'B' bit selects byte or word operation. 




The l s' bits select the address of the source register. 


The l w' bits select the address of the base reoister. 


The 'd' bits select the address of the destination reoister. 




The 'p' bits select source address mode 2. 




The 'a' bits select destination address mode 2. 




See Table 1-5 and Table 1-6 for modifier addressing information. 


n rather than 


Note: The extension .b in the instruction denotes a bvte ooeratio 


a word ooeration. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


XOR 


W5.W6.W7 ; Xor 




Before Instruction 
After Instruction 
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TABLE 158 - XORLS: Exclusive Or Wb and Short Literal 



Syntax: 


{lately 


XQRtb) 


Wb* 


U15, 


Wd 














QflfcU 














fWdl-n- 














fWdl- 














fWd++1 














rwd»i 
































Operands: 


Wb f fWO ... 1 


A/151; Iit5 e f0 ... 31]; Wd e fWO ... W151 


Operation: 


(Wb).XOR.IitS Wd 


Status Affected: 




Encoding: 


0110 


lwww 


wBqq 


qddd 


dllk 


kkkk 


Description; 


Comoute the Exclusive Or of the contents of the base reaister Wb and the 




literal operand and place the result in the destination register Wd. 




The 'B' bit selects byte or word operation* 




The *w' bits select the address of the base reaister. 




The 'k' bits provide the literal operand, a five-bit integer number. 




The 'd* bits select the address of the destination reaister. 


The 'a' bits select destination address mode 2. 




See Table 1-6 for modifier addressing information. 


bvte ooeration rather than 


Note: The extension .b in the instruction denotes a 


a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


XOR 


W5 r #12 T W7 ; Exclusive Or 




Before Instruction 
After Instruction 
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TABLE 159 - XORLW: Exclusive Or Literal and Wn 



Syntax: 




XOR(.b) 


SliMQ. 


Wn 








































































































Operands: 


SlitIO <= T-512 5111: Wn e fWO ... W15] 


Operation: 


Slit10.XOR.(Wn)^Wn 


Status Affected: 




Encoding: 


1011 


0010 


lBkk 


kkkk 


kkkk 


dddd 


Description: 


Compute the Exclusive Or of the literal operand and the contents of ihfi 




workina reaister Wn and olace the result in the workina reaister Wn. 


The 'B' bit selects byte or word operation. 




The 'd' bits select the address of the working register. 


n rather than 


The 'k' bits specify the literal operand, a signed 10-bit number. 


Note: The extension .b in the instruction denotes a byte operatio 


a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


XOR 


#123 T W7 ; Exclusive Or 




Before Instruction 
After Instruction 
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TABLE 160 -- XORWF: Exclusive Or f and Ww 





flahehl 




f 


(,Ww) 








































































































Operands; 


f g TO ... 81911 




Operation: 


(f).XOR.(Ww) ~» destination desiqnatecLh^JJ 


Status Affected: 




Encoding: 


1011 


0110 


lBDf 


ffff 


ffff 


ffff 


Description: 


Compute the XOR of the contents of the working register and the contents of 




the file reqister and place the result in the destination designated by D: If the 


ootional Ww is soecified. D=0 and store result in Ww: otherwise. D=1 and 


store result in the file register^ 

The £ B' bit selects bvte or word ooeration. 


bvte operation rather than 


The 'D' bit selects the destination. 


reaister. 


The 'f bits select the address of the file 


Note: The extension b in the instruction denotes a 


a word operation. You may use a .w extension to denote a word 


operation, but it is not required. 


Words: 


1 


Cycles: 


1 


Example: 


XOR 


RAM 135, Ww ; Exclusive Qi 




Before Instruction 
After Instruction 
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INSTRUCTI ON OPERATIO N DETAILS 

[02221 An explanation of the instruction operation details are enhanced by reference 

to several figures, specifically Figures 6-2 3 and 174. 

Implied W register Utilization 
[02231 Certain W reg isters have implie d utilizati on in the instruction set. WQ-W1 

are used as the operands for PSP instructi ons. W4-W7 are used as the pr efetch addresses 
for DSP instructions, W14 is the frame pointer utilized by the LNK and ULNK 
instructions, W15 acts as the stack pointer. 



TABLE 161 Implied W Register Utilization 



Register 




WO 


MAC operand; Default Ww 


W1 


MAC operand 


W2 


MAC operand; MULWF product LSB 


W3 


MAC operand; MULWF product MSB 


W4 


MAC prefetch address 


W5 


MAC prefetch address 


W6 


MAC prefetch address 


W7 


MAC prefetch address 


W8 


MAC prefetch offset 


W9 


MAC write back address 


W10 




W11 




W12 




W13 




W14 


Frame Pointer 


W15 


Stack Pointer 



Default Ww 

[0224] WO serves as the default Ww r egister fo r file register instructi ons. In this 

capacity. Ww acts as the W register in C16 and C18 compatible instructions. 
Byte Operations 

[0225] When a byte is moved into a W register, the byte is written into the LSbyte of 

the regist er and the MSbyte is left alone. Byte operations on the registers will op erate on 
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the LSbvte of the register. The MSbyte of the register is left alone. For bvte oper ations, the 

status fla gs will be adjusted to respond to the <7:0> bits of the register. For example, the 

carry bit will originate from ALU<7>. When a bvte is moved from a W r egister, the source 

is the LSbvte and it overwrites the target bvte in the memory. Other bytes are not affectedt 

Bvte Operations in Bit Instructions - W Registers 

[02261 The Bit operation ins tructions that use the W registers can address bvtes or 

words without the requirement for a B bit. These instructions include BCLR, BSET» 

BSW.C. BSW .Z. BTG. BT ST.C. BTST.Z. BTSTSC BTSTS.Z. BTST.C and BTST.Z. This 

works bv making the hit field selection look at the LSB of the word or byte being addressed 

bv the W register. If the address of the word or byte LSB is one, then zero that LSB and 

set the MSB of the bit selection field. 

WO - 1000 
Wl =1001 

BCLR W0.#5 ; Clear 5th hit in word 1000 
BCLR W0.#13 : Clear 13th hit in word 1000 
BCLR WL#5 : Clear 5th hit in byte 1001. same as 

clear 13th bit in word 1000. 
BCLR Wl,#13 ; Invalid, same_a& 

clea r 13th bit in word 1000. 

H&ing 10-bit literals 

[0227] The instructions that have 10-bit literals have byte and word modes. For 

bvte instru ctions, th e literal is truncated at 8 bits. If the user specifies a signed value {- 
128... -1}, the truncated 2's compliment is coded, Unsigned values m av range from (0 ... 
255}. For word inst ructions, the literal is sign extended to 16-bits. 



TABLE 162 ~ 10-BIT LITERAL CODING 



Literal 
Value 


If B=0 (Word) I If B=1 (Byte) 
kk kkkk kkkk | kk kkkk kkkk 


-512 


10 0000 0000 b/a 


-511 


1000000001 b/a 
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Ll29 


11 0111 1111 


n/a 




11 1000 0000 


11 1000 0000 


=2 


11 1111 1110 


11 1111 1110 


A 


11 1111 1111 


11 1111 1111 


0 


00 0000 0000 


00 0000 0000 


1 


00 0000 0001 


00 0000 0001 


2 


00 0000 0010 


00 0000 0010 


127 


00 0111 1111 


00 0111 1111 


12a 


001000 0000 


00 1000 0000 


255 


00 1111 1111 


00 1111 1111 


256 


01 0000 0000 


n/a 


511 


11 1111 1111 


n/a 



Program Memory Addressing 



J02281 Program memory contains a user space and a test space. The most 

significan t bit (PMA<23>) of the program memory address selects user/test space. The least 
significant bit (PMA<0>) selects a byte for data addressing and table addressing modes, 
[02291 Program memory addresses coded into instructions are coded in a lit23 or 

Slit 16 format. The ht23 format encodes a direct address that represents PMA<22;0>. 
PMA<23> is not valid user space and is not encoded. The SIitl6 format encodes an 
instruction count offset The offset is added to the PC to generate the next address. The 
Slit 16 format does not encode the PMA<Q> bit as it represents an instruction count. The 
Slitl6<15> bit is sign extended when added to the PC. 

[02301 Figure 6 shows a block diagram illustrating a Program Memory Addressing 

Scheme. Figure 7 shows a blo ck diagra m illustrating a illustrating a "CALL lit23" Map tQ 
the Program Counter. Figure 8 shows a block diagram illustrating a "BRA SLIT16" Mao 
to the Program Counter. Figure 9 shows a block d iagram il lustrating a "GOTO Wn" Map 
to the Prog ram Co unter, Figure 10 shows a block diagram illustratin g a "BRA Wn" Mao 
to the Program Counter, 
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102311 Shadow registers are 1 level deep mini-stack registers attached to several kev 

user registers. A PUSH.S will c o py the user registers to the shadows and a POP.S will copy 
the shadows hack to the user registers. Shadow registers are attac hed to WQ,.tW15, the 
STATUS register, and the LCRXSR. LER registers used bv DO and REPEAT instructions. 
MAC 

[02321 The MAC instruction is a pipelined instruction, The first pi peline stage 

generates the effective addresses of the X and Y data and fetches the X and Y data. The 
second pipeline stage compiles the multiply and accumulate - storing the results into the 
accumulator. 

FORMS 

[02331 The MAC instruction, and variants, can have several formats. 

Fundamentally, it must specify a target accumulator and a multipl icand and multiplier 
(\CC=X*YY For Example: 

MAC A,W0*W1 

[02341 The MAC can also specify a prefetch for the next X or Y operand. The 

assembler can discriminate the X or Y prefetch based on the register used as the indirect 

address. fW41 or [W51 specifies the X prefetch and IW61 or [W 7] specifies the Y prefetch. 

If a prefetch is specified, it must have a prefetch destination register. Legal forms of 

prefetch include: 

MAC A,W0*W1,W0, TW41 ;X only 
MAC A,W0*W1,W1. TW61 ;Y only 
MAC A.W0*W1,W0, TW41 ,W1, FW61 ;X,Y 

[02351 A write back can be specified. The write back us es the W9 register as the 

destination address. In this way, the assembler can discern the write hac k option. 



HOU01 :867605HOU02:4O06^4 I0Q21M. 



- 203 - 



Client Reference No. MTI- 2095.IJS.0 Patent 

MAC A,W0*W1, TW91 ;WBack only 
MAC A,W0*W1,W0, TW61 ,W9 ;Y,WBack 
MAC A,W0*W1.W0, TW41 , TW91 ;X,Wback 
MAC A r WO*Wl.WO, TW41 ,WL TW61 ,W9 

SQUARING OPERATIONS 
[02361 Squaring in the PSP e ngine is d one with the square PLA opcodes - These are 

variants of the MAC and MPY opcodes. 

For Example : 

MAC B f W0*W0 r W0 r TW41 ,W1, TW61+=2,W9 
[0237] This instruction will multiply WO time WO and write the result in ACCB 

while doing the prefetch and write hack. The assembler can tell that a MAC or MPY 
should translate to SQRAC or SQR instructions by finding the Wm*Wm format. 
File Registers 

[02381 File registers include parts of user RAM area an d the S pecial Function 

Registers (SFR^. The file register space is 8192 bvtes. The file registers are directly 
addressable using the f field in the file register instructions, 

[02391 All data addresses are byte addresses. When using byte instructions, the 

bytes are addressed directly. When using word instructions, the address mus t be word 
aligned. The least significant address bit must be 0- Figure 11 shows a block d iagram 
illustrating a Data Alignment in Memory, 

Carry and Borrow in PIC instructions 
[02401 The PIC uses one unified carry and borrow bit the C bit in the status 

register. The following examples show the functionality of th e carrv/borrow. 
[02411 If a normal add generates a car ry out of t he 15th bit, the carry bit is set, 
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ADD 1 + 65535 

1 = 0000 0000 0000 0001 



+ 65535 = 1111 1111 1111 1111 



0 




0000 0000 0000 0000 


c 




1 


z 




1 


N 




0 


OV 




0 



[02421 An add carry will use the carry bit as an additional input If the add 

generates a carry out of the 15th bit the carry bit is set. 



1 = 


0000 


0000 


0000 


0001 


+ 65535 = 


1111 


1111 


1111 


1111 


C = 








0 






0 = 


0000 


0000 


0000 


0000 



C = 1 



Z = 1 



N = 0 



OV = 0 



1 


0000 


0000 


0000 


0001 


+ 65535 


1111 


1111 


1111 


1111 


C 








1 






0 


0000 


0000 


0000 


0001 



C = 1 



Z = 0 



N = 0 



OV = 0 



[02431 A subtract instruction inyerts the bits of the subtrahend, forces the carry in 

to 1 and does an add. This has the effect of generating the 2's compliment of the 
subtrahend. If the add generates a carry out of the 15th bit the carry bit is set. However, in 
the case of a subtract the carry bit is viewed as a BORROW bit. So a 1 in the carry bit 
indicates n o borrow. A 0 in the carry bit in dicates a borrow. 
[02441 Subtracting 3-2 generates no borrow, so the C bit is 1. 
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SUB 3-2 

3 = 0000 0000 0000 0011 
+ not 2 = 1111 1111 1111 1101 

C_= 1 



1 = 


0000 0000 0000 0001 


c = 


1 


z = 


0 


N = 


0 


ov = 


0 



102451 Subtracting 3-3 generates no borrow, so the C hit is 1. The Z hit indicates a 

zero result. 

SUB 3-3 

3 = 0000 0000 0000 0011 
+ not 3 = 1111 1111 1111 1100 

C_= 1 



0 = 


0000 0000 0000 0000 


c = 


1 


z = 


1 


N = 


0 


OV = 


0 



[0246] Subtracting 2-3 generates a borrow, so the C bit is 0. The N bit indicates a 

negative result 

SUB 2-3 



2 = 


0000 


0000 


0000 


0010 


+ not 3 = 


1111 


1111 


1111 


1100 


C = 








1 






-1 = 


1111 


1111 


1111 


1111 



C = 0 



z = 


0 


N = 


1 


OV = 


0 



102471 A subtract with borrow instru ction inv erts the bits of the subtrahend, leaves 

the carry at its previous state and does an add. This has the effect of generating the 2's 
compliment of the subtrahend while inpu ting a B ORROW bit. 
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Subtract/borrow 3-2 with no borrow in generates no borrow, so the C bit is 



[02481 



SUBB 3-2. 


no borrow 


in 




3 = 


0000 0000 


0000 


0011 


+ not 2 = 


1111 1111 


1111 


1101 


C = 






1 



1 = 0000 0000 0000 0001 
C = 1 
Z = 0 
N = 0 
OV = 0 

102491 Subtract/borrow 3-2 with borrow in generates no borrow, so the C bit is 1. 

The result is 0. so the Z bit is set. 

SUBB 3 - 2 , borrow in 
3 = 0000 0000 0000 0011 



+ not 2 = 


1111 1111 1111 1101 


C = 


0 



0 = 0000 0000 0000 0000 



C = 1 



Z = 1 
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OV = 0 

[02501 Subtract/borrow 2-3 with borrow in generates a b orrow, so the C bit is 0. 

The N bit indicates a negative result. 
SUBB 2 



2 = 


0000 


0000 


0000 


0010 


+ not 3 = 


1111 


1111 


1111 


1100 


C = 








0 






-2 = 


1111 


1111 


1111 


1110 



C = 0 



Z = 0 



N = 1 



OV = 0 



Oyer flow Conditions 

102511 When doing 2's compliment mathematics, the OV flag indicates an overflow. 

When doing multi-word math, the overflow is ignored until the most significant operation. 
SUB 32760 ~ -32768 



32760 = 


0111 


1111 


1111 


1000 


+ not 32768 = 


0111 


1111 


1111 


1111 


C = 








1 






-8 = 


1111 


1111 


1111 


1000 



C = 0 



Z = 0 



N = 1 



OV = 1 



SUB -32760 - 32767 



- 32760 = 


1000 


0000 


0000 


1000 


+ not 32767 = 


1000 


0000 


0000 


0001 


C = 








1 






10 = 


0000 


0000 


0000 


1010 



C = 1 
Z = 0 
N = 0 
OV = 1 
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[02521 Conditional branch instructions are valid after compare or subtract 

instructions. The compare is minuend-subtrahend a nd the co ndition tests are in the same 
order. For example, BGT will be true if the minue nd is gre ater than the subtrahend or 
(minuend > subtrahend). 



TABLE 163 Table 163: Branch conditions 



Instruction 


Status Test 


BRA 


C t Slit16 


£ 


BRA 


GE^SIitie 


/N&AOXfl II (N&&OV) 


BRA 


GEU,Slit16 


£ 


BRA 


GT,Slit16 


(Z&&N&&OV) II (Z&&N&&OV) 


BRA 


GTU,Slit16 


C&&Z 


BRA 


LE,Slit16 


Z [I fNA&OVl || (N&&OV) 


BRA 


LEU,Slit16 


CJLZ 


BRA 


LT,Slit16 


(N&&OV) || (N&&OV) 


BRA 


LTU r Slit16 


£ 


BRA 


N r Slit16 




BRA 


NCjSlitlB 


£ 


BRA 


NN r Slit16 


N 


BRA 


NOV,Slit16 


QV 


BRA 


NZ,Slit16 


Z 


BRA 


OV,Slit16 


QV 


BRA 


z t siitie 


Z 



TABLE 164 - EXAMPLE BRANCH COMPARISON TESTS 



Minu 


Subir 


C 


z 


N 


QV 


LI 


LIU 


LE 


LEU 


GE 


GEU 


GT 


GIU 


3 


2 


1 


Q 


a 


Q 


a 


Q 


Q 


a 


1 


1 


1 


1 


3 


3 


1 


1 


Q 


Q 


Q 


Q 


1 


1 


1 


1 


Q 


0 


2 


3 


Q 


Q 


1 


Q 


1 


1 


1 


1 


Q 


Q 


0 


0 


32760 


-32768 
32268 


Q 


Q 


1 


1 


Q 


1 


Q 


1 


1 


Q 


1 


Q 


zQIz 
32760 


























-32760 
32776 


32767 
32767 


1 


D 


Q 


1 


1 


Q 


1 


Q 


Q 


1 


Q 


1 



Stack operation 

[02531 The dsPIC stack is a software stack implemented in user RAM area. While 

the device has provisions to allow pointer manipulat ion on an y of the 16 W registers. WIS 
is the assumed stack pointer. 
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F02541 The Stack Starts at l ower memory and pjrows towards high memory. The 

stack poi nter points to the next available location. The stack pointer is manipulated with 
the source and destination add ressing m odes as shown in Table 192 and Table 193. With 
respect to Figures 173a-d« a push is MOV WO , TWIS] ++ and a pop is MOV [WIS — 1 , WO . 
[02551 Figure 173a shows a block diagram illustrating a stack pointer at 

initializat ion. Figure 173b shows a block diagram illustrating a stack pointer after a PUSH 
operation (MOV WO, FW151++). Figure 173c shows a block diagram illustrating a stack 
pointer after a PUSH operation (MOV Wl.rwi51++). Figure 173d shows a block 
diagram illustrating a stack pointer after a POP operation (MOV fW!5 — ] r W3) . 

Multi-word Move operations 
[02561 The multi-word move instructions manipulated with the source and 

destination addressing modes as shown in Table 192 and Table 193. Figure 12 shows a 
block diagram illustrating a MOV.P operation, Figure 13 shows a block diagram 



illustrating a MOV.O operation. 

TABLE 165 STDW OPERATION 



InstL 
Cycle 


Ws 


[Ws] 


[Ws++] 


[Ws~| 


fWs1++ 


fWsl- 


Ql 




Ws=Ws+2 


Ws=Ws+6 


Ws=Ws-2 






Q2 


W(nd)? Ws 


W(nd+1)? (Ws) 


W(nd+1)? (Ws) 


W(nd+1)? (Ws) 


W(nd)? (Ws) 


W(nd)? (Ws) 












Ws=Ws+2 


Ws=Ws+2 


Ql 




Ws=Ws-2 


Ws=Ws-2 


Ws=Ws-2 






Q4 


W(nd+1)? W(s+1) 


W(nd)? (Ws) 


W(nd)? (Ws) 


W(nd)? (Ws) 


W(nd+1)? (Ws) 


W(nd+1)? (Ws) 












Ws=Ws+2 


Ws=Ws-6 



TABLE 166 - LDDW OPERATION 



Inslc. 
Cycle 


Ws 


Dflbj 


[Ws++1 


fWs-] 


rwsi++ 


[Wsl- 


Ql 
Q2 


Ws? W(nd) 


Ws=Ws+2 


Ws=Ws+6 


Ws=Ws-2 


(Ws)? W(nd) 


(Ws)? Wind) 


(Ws)? W(nd+1)e 


(Ws)? W(nd+1) 


(Ws)? W(nd+1) 










Ws=Ws+2 


Ws=Ws+2 


03 
OA 


W(s+D? W(nd+1) 


Ws=Ws-2 


Ws=Ws-2 


Ws=Ws-2 


(Ws)? W(nd+1) 


(Ws)? W(nd+1) 


(Ws)? W(nd) 


(Ws)? W(nd) 


(Ws)? W(nd) 










Ws=Ws+2 


Ws=Ws-6 
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TABLE 167 - STQW OPERATION 



Instr. 
Cycle 


Ws 


fWsl 


[Ws++1 


[Ws— 1 


[Wsl++ 


fWsl— 


Ql 
Q2 


W(nd)? Ws 


Ws=Ws+6 


Ws=W«+14 


Ws=Ws-2 


W(nd)? (Ws) 


Wfnd)? (Ws) 


W/nd+3P /Ws* 


fWsl 

ii\im T wi I jua/ 


Wfnd+3V? /Ws) 










UVs=Ws+2 


Ws=Ws+2 


Q3 
04 


W(nd+D? W(s+1) 


Ws=Ws-2 


Ws=Ws-2 


Ws=Ws-2 


W(nd+H? (Ws) 


W(nd+D? (Ws) 


W(nd+2)? (Ws) 


W(nd+2)? (Ws) 


W(nd+2)? (Ws) 










Ws=Ws+2 


Ws=Ws+2 


01 
02 


W(nd+2)? W(s+2) 


Ws=Ws-2 


Ws=Ws-2 


Ws=Ws-2 


W(nd+2)? (Ws) 


W(nd+2)? (Ws) 


W(nd+D? (Ws) 


Wfnd+1V? (Ws) 


W(nd+D? (Ws) 










Ws=Ws+2 


Ws=Ws+2 


03 
04 


W(nd+3)? W(s+3) 


Ws=Ws-2 


Ws=Ws-2 


Ws=Ws-2 


W(nd+3)? (Ws) 


W(nd+3)? (Ws) 


W(nd)? (Ws) 


W(nd)? (Ws) 


W(nd)? (Ws) 










Ws=Ws+2 


Ws=Ws-14 



TABLE 168 - LDQW OPERATION 



In&tr. 
Cvcle 


Ws 


[Ws] 


fWs+»1 


rws-i 


rwsi++ 


(Wsl- 


01 
02 


Ws? W(nd) 


Ws=Ws+6 


Ws=Ws+14 


Ws=Ws-2 


W(nd)? (Ws) 


W(nd)? (Ws) 


W(s+3)? W(nd+3) 


W(s+3)? W(nd+3) 


W(s+3)? W(nd+3) 










Ws=Ws+2 


Ws=Ws+2 


03 
04 


W(s+D? W(nd+1) 


Ws=Ws-2 


Ws=Ws-2 


Ws=Ws-2 


W(s+D? W(nd+1) 


W(s+D? W(nd+1) 


W(s+2)? W(nd+2) 


W(s+2)? W(nd+2) 


W(s+2)? W(nd+2) 










Ws=Ws+2 


Ws=Ws+2 


01 
02 


W(s+2)? W(nd+2) 


Ws=Ws-2 


Ws=Ws-2 


Ws=Ws-2 


W(s+2)? W(nd+2) 


W(s+2)? Wfnd+2) 


W(s+D? W(nd+1) 


W(s+D? W(nd+1) 


W(s+D? W(nd+1) 










Ws=Ws+2 


Ws=Ws+2 


03 
04 


W(s+3)? W(nd+3) 


Ws=Ws-2 


Ws=Ws-2 


Ws=Ws-2 


W(s+3)? W(nd+3) 


Wfs+3>? W(nd+3) 


Ws? W(nd) 


Ws? W(nd) 


Ws? W(nd) 










Ws=Ws+2 


Ws=Ws-14 



Link and Unlink Instructions 
[02571 The link and unlink instructions assume that W15 is a stack pointer and W14 

is a frame pointer. The link instruction is used during a calling sequence. Figure 14 shows 
a block diagram illustrating a stack at the beginning of a calling sequence. Before calling 



PUSH 


WO 


;Push parameter 


1 


PUSH 


Wl 


;Push parameter 


n-1 


PUSH 


W2 


;Push parameter 


n 



CALL SUBR 



102581 Figure 15 shows a block diagram illustrating a stack at the entry to a routine. 
SUBR: LNK 2 /Allocate 2 words 
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[02591 The LNK instructio n Will push the callin g routines FP onto the stack. The 

new FP will be set to point to the current stack poin ter. Then the literal is subtracted from 
the Stack pointer which reserves the amount of memory allocated. Figure 16 shows a Mock 
diagram illustrating a stack after a LNK instruction* 

[02601 Inside of t he routine, the stack is used to saye values, [W14+nl will access the 

Temp locations used by the routine, [W14-nl is used to access the parameters. 
[02611 At the end of the routine, the ULNK instruction will copy the FP to the stack 

pointer then POP the callers FP back to the FP. 

ULNK /De-allocate frame 

This returns the stack back to the state i n Figure 15. 

[02621 A return instruction will return to the caller. The caller is responsible for 

removing the parameters from the stack. 

RETURN 

POP W2 ; Unload parameter 1 

POP Wl /Unload parameter n-1 

POP WO ; Unload parameter n 

This returns the stack back to the state in Figure 14* 

Multi-word Shift Instructions 
[ 0263 1 The CARRY1 and CAR RYO registers hold the temporary value s of the shift. 

Figure 17 shows a b lock diag ram illustrating a Multi-Word Left Shift by 4 Instruction 
Execution, Figure 18 shows a block diagram illustrating a Multi-Word Left Shift by 20 
Instruction Execution, Figure 19 shows a block diagram illustrating a M ulti-Word Right 
Shift by 4 Instructio n Executi on. Figure 20 shows a block diagram illustrating a Multi- 
Word Rig ht Shift b y 20 Instruction Execution. The multi word shift in structions relv on 
additional special registers. 
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32-bit left shifts 

102641 The multi-word left shift inst ructions utilize the shifter associated with the 

ACCn registers. The instruction can shift Q to 31 p ositions. Although th e shifter can only 
im plement shifts of up to 15 positions to the le ft T hv rearranging the storing into the 
destination registers an apparent shift of 31 positions mav be obtained. 

r02651 The Multi-Word Left Shift Bv 4 Instruction Execution (see Figure 171 

provides an example where the shift amount is 15 or less. The Wnd destination register is 
aligned with the source and the CARRYO register contains the shift out results. The 
CARRY1 register is unused and remains cleared. When the next 16-bit word is shifted, the 
results are OR'ed with the contents of the CARRYO register, providing the shift in from 
the previous shift. The SLMK instruction may be repeated for each 16-bit segment of the 
multi-word shift. 

102661 The Multi-W ord Left Shift Bv 20 Instruction E xecution (see Figure 181 

provides a n examp le where the shift amount is 16 or more. Here, the Wnd destination 
register is aligned to the right of the source. CARRYO is al i gned with the source and the 
CARRY1 register contains the shift out results. When the next 16-bit word is shifted, the 
results are OR'ed with the contents of the CARRY1 and CARRYO register, providing the 
shift in from the previous shift. The SLMK instruction may be repeated for each 16-bit 
segment of the multi-word shift 

102671 Note the sh ifter is sh ifting (20-16), making the shift equivalent to the previous 

example. When the instruction detects a shift value greater than 15, it is only necessary to 
reali gn the result reg isters and perform a smaller shift. 
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32-hit RIGHT shifts 

[02681 The multi-word right shift instructions are similar to the left shifts. The 

Multi-Word Ri^ ht Shift Bv 4 Instruction Execution (see Figure 19) provides a n example 
where the shift amount is 15 or less. The Wnd destination register is aligned with the 
source an d the CA RRY1 register contains the shift out results. The CARRYO register is 
unused and remains cleared. When the next 16-bit word Is shifted, the results are OR'ed 
with the contents of the CARRY1 register, providing the shift in from the previous shift, 
The SLMK instruction may be repeated for each 16-bit segment of the multi-word shift. 
102691 The Multi- Word Right Shift Bv 20 Instruction Execution (see Figure 2(» 

provides an example where the shift amount is 16 or more. Here, the Wnd destination 
register is aligned to the left of the source. CARRY 1 is aligned with the source and the 
CARRYO register contains the shift out results. When the next 16-bit word is shifted, the 
results are OR'ed with the contents of the CARRY1 and CARRYO register, providing the 
shift in fro m the pr evious shift The SLMK instruction may be repeated for each 16-bit 
segment of the multi-word shift. 

102701 Note that the examples given show arithmetic shifts. If logical shifts are 

used, zeros would replace the sign bits, 
16-Bit Shifts 

[02711 The ASR T LSR and SL instructions allow for shifts of 16-bit words. The shift 

value should he limited to 15 positions by the user for useful results. 
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Multi-Word Shifts On W ords Longer Than 32 Bits 

[Q2721 The MSL an d MSR instructions all ow for shifts of words gr eater than 32 

hits. This mav be useful for IP addresse s or encript ion kevs. Note that the shift IS Still 

limited up to 31 positions. For exa mple T to shift a 64 bit word: 

; W3...W0 - source word (ms. . .Is) 

; W7...W4 - destination word (ms. . .Is) 

; W8 - shift value (0..31) 

Code: LSR W3.W8.W7 

MSR W2.W8.W6 

MSR W1.W8.W5 

MSR W0.W8.W4 

Multi-Word Rotates 

[0273] Because the CARRY registers are reada ble, the m ulti-word shift instructions 

mav be used for rotates. For example, to left rotate a 16 bit word: 
; Wl - source word 

; WO - destination word (default Ww) 
; W8 - rotate value (P.. 15) 
Code: SL W1.W8.W0 

I OR CARRYO.Ww 

For example, to left rotate a 32 bit wordl 



; Wl 


. . .WO - source word 


(ms . . 


■ Is) 


; W3 


. . .W2 - destination 


word 


(ms . . . Is) 


; W4 


- rotate value (0.. 


31) 




; W5 


,W6 - temporaries 






Code 


: SL W0.W4.W2 








MSL W1.W4.W3 








MOV CARRY 0 . W5 








MOV CARRY 1 .W6 







IOR W5.W2 ,W2 ;carryO+dest(ls) 
IOR W6,W3,W3 ;carryl+dest (ms) 



[02741 Using the MSL and M SR instructions, ro tates of greater word lengths mav 

be achieved* 
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DSP Data Formats 

Integer and Fract ional Data 
[0275] The dsPIC DSP core supports inte ger and fractional data operations. Data 

format selection is made bv the IF bit in the DSP control register CORCON<0>. Setting 
this bit to "1" selects integer mode; setting this bit to "0" sel ects fractional mode* 
[Q2761 Integer data is inherently represented as a signed two's-complement value, 

where the MSB is defined as a sign bit Generally speaking, the range of an N-hit two's 
complement integer is -2 N1 to 2 N1 -1, For a 16-bit integer, the data range is -32768 
(0x8000^ to 32767 (0x7FF Fl including 0 (see Figure 1\ For a 32-bit inte ger, the data range 
is -2.147.483.6 48 (0x8000 OOOfn to 2.147.483.645 (0x7FFF FFFFl 

[Q2771 When the dsPIC is in fractional mode, data is represented as a two's 
complement fraction where the MSB is defined as a sign bit and the radix point is implied 
to lie just after the sign bit (OLX formats The range of an N-bit two's complement fraction 
with this implied radix point is -1,0 to (1-2 1N ), For a 16-bit fraction, the OL15 data range 
is -1.0 (0x8000^ to 0.99996 9482 r0x7FFFY including 0 fsee Figure n and has a precision of 
3.01518xl0" 5 . In fractional mode, the 16x16 dsPIC multiplier generates a Q1.31 product 
which has a precision of 4.65661x10 10 . Figure 21 shows a block diagram illustrating a 16- 
Bit integer and fractional modes. 

Super Saturation Mode 
102781 The SATM OD bit. CORCON<3>. enables Super Saturation mode and 

expands the dynamic range of the accumulators by u sin g 8 guard bits. When the 
SATMOP bit is set to "1", Sup er Satura tion mode is enabled and the 40-bit accumulators 
support an integer range of -5.498x10 " (0x80 0000 0000^ to 5.498x10" (0x7F F FFF FFFFV 
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In fractio nal mode, the guard bits of the accumulator do not modify the loca tion of the 
radix point and the 40-hit accumulators use Q9.31 fractional format. Note that all 
fractional operation results are stored in the 40-bit accumulator justified with a OL31 
radix point As in integer mode, the guard bits merely increase the dynamic range of the 
accumulator. Q9.31 fractions have a range of -256.0 (0x80 0000 OOOfn to (256.0 - 
4.65661x10 (0x7F FFFF FFFFV See Section 2.3.3 of the Core DO S for a description of 
the dsPIC overflow and saturation modes. 

Scaling and Normalizing With FBCL Instruction 
[02791 To minimize quantization errors that are associated with data p rocessing 

using DSP instructions, it is important to utilize the complete available resolution of the 
dsPIC register set. This mav require scaling data up to avoid underflows (i.e.. when 
processing data from a 12-bit ADO or scaling data down to avoid overflows (i.e.. when 
sending data to a 10-bit DAC). The scaling which must be performed to minimize 
quantization errors depends on the dynamic range of the input data which is operated on T 
and the requirements of the dynamic range of the output data. At times these conditions 
mav be known apriori and fixed scaling may be employed. Other times, scaling conditions 
mav be not be fixed or known, and then dynamic scaling must be used to process data, 
[0280] The Find First Bit Change Left (FBCL) instruction can effecientlv be used to 

perform dynamic scaling. The FBCL function determines the exp one nt of the byte or word 
which it operates on (namely the amount which the value m a y be shifted before 
overflowin g and s tores the e x ponent such that it may be u sed to later scale the value bv 
shifting. The exponent is determined by detecting the firs t hit change startin g from the 
sign bit a nd working towards the LSB. Scaling Examples sh ows data with various dynamic 
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ran pes T their exponents, and the value after scaling each data to maximize th e dynamic 
range. 
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TABLE 169 - SCALING EXAMPLES 



Patent 



Data Value 


Exponent 


Scaled Value for Max Dynamic Range 
(Data Value « Exponent) 


0x0001 


14 


0x4000 


0x0002 




0x4000 


0x0004 


12 


0x4000 


0x0100 


6 


0x4000 


0x0101 


6 


0x4040 


0x01 FF 


6 


0x7FC0 


oxoaofi 


3 


0x4030 


0x2001 


1 


Qx4Q0E 


0x4800 


0 


0x4800 


0x7000 


0 


QxZQQQ 


0x8000 


0 


Qx&QOQ 


Qx900A 


0 


Qx9QQA 


QxEQQl 


2 


0x8004 


0xFF07 


Z 


QX&38Q 


OxFFFF 


0 


OxFFFF* 


*A "hole" where FBCL fails to detect the correct exponent 



[02811 As a practical example, assume that block processing is performed on a 



sequence of data with very low dynamic range stored in Q1.15 fractional format. To 
minimize quantization errors, the data may he scaled up to prevent any quantization loss 
which mav occur as it is processed. The FBCL instruction can be executed on the sample 
with the largest magnitude to determine the optimal scaling value for processing the data. 
Note that scaling the data up is performed by left shifting the data (see Section 2.2 of the 
Core DOS for a description of the Barrel Shifter). This is demonstrated with the code 
snippet below. 

; assume W0 contains the largest absolute value of the data 
block 

; assume W4 points to the beginning of the data block 
; assume the block of data contains BLOCK SIZE words 
; determine the exponent to use for scaling 
FBCL W0, W2 ; store exponent in W2 
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; scale the entire data block by the optimal amount before 
processing 

DO SCALE LOOP, BLOCK SIZE 

MOV TW41 , Wl 

; move the next data sample to Wl 
SLW Wl, W2, W3 

; shift Wl by W2 bits and store to W3 

SCALE LOOP: 

MOV W3, fW41++ 

; store scaled input (overwrite original) 

; now process the data 

; (processing block goes here) 

Accumulator Normalization With FBCL 
[02821 The process of scaling a quantized value for its maximum dyn amic range is 

known as normalization (the d ata in the t hird colu mn ill Table 169: Scaling Examples, 
contains no rmalized datal Accumulator n ormalization is a technique use d to ensure_that 
the accumulator is p ro perly aligned befo re storin g data from the acc umulator, and the 
FBCL ins truction facilitates th is function. 

[02831 The two 4 0-hit acc umulators each have 8 puard bits whieh expand the 

accumula tor from Q1.31 to Q9.31 when operating ; in Su per Saturation mode. Even in 
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Su per Saturation mode the Store Accumulator (SAO instruction only sto res 16-bit data (in 
Q1.15 formats from ACC<31:16>. 

[02841 Proper data alignment for storing the contents of the accumulator may be 

achieved by scaling the accumulator down if the guard bits are in use, or scaling the 
accumulator up if all of the accumulato r high b its are not being used. To perform such 
scaling, the FBCL instruction must operate on the guard bits in bvte mode and it musj 
operate on the high accumulator in word mode. If a shift is required, the ALU's 4Q-bit 
shifter is employed u sing the SFTAC instruction to perform the scaling. Listed below is a 
code snippet for accumulator normalization* 

; assume an operation in ACCA has just completed (status bits 
are intact) 

; assume the processor is in super saturation mode 
; assume W4 points to the ACCA guard byte (0x44) 
; assume W5 points to the ACCA high word (0x42) 

BOA FBCL GUARD ; if overflow we right shift 

FBCL HI: 



FBCL TW51 , WO ; extract exponent for left shift 

BRA SHIFT ACC ; branch to the shift 



FBCL GUARD: 



FBCL . B TW41 , WO ; extract exponent for right shift 
ADDLS.B WO, 8, WO ; adjust the sign for right shift 
SHIFT ACC: 

SFTAC WO ; shift the accumulator to normalize 

The aboye code assumes that negative values are returned by FBCL to facilitate scaling up* 

BP operations 

[0285] The DO instructions implement simple looping. The instruction will execute 

a set of instructions a certain number of times. Th e loop cou nt is selected with a constant or 
a W reg i ster. The loop will be executed n+1 times. For a W register, only the LS 14-hits 
are significant. The DO instruction loads the LSR register with the value of the PC after 
the DO instruction. It adds the loop offset to that PC and loads that value to the LER 
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re gister. It then continues to execute cod e startin g with PC+2 until the PC matches the 
I.ER. When PC matches LER T the loop count is compared to negative. If not T the PC is 
loaded with the LSR value to branch back to the loop start. The loop count is 
decremented. When the loop count c ompares negative, the next sequential instruction 
executes. The instructions in the loop need not be consecutive. Figure 22 shows a block 
diagram i llustrating a DO operation. Figure 23 shows a block diagram illustrating an 
alternate embodiment of the DO operation. 

[0286] [00 4 8] The instruction set coding is illustrated with reference to Table 1 - Tables 2 

through 162 which depietsdegkl the PLA mnemonic for each instruction, its assembly syntax, a 

corresponding description and its corresponding 24 bit opcode. Each of these opcodes is unique 

and provides a basis for the instruction fetch/decode 1 10 to derive and transmit different control 

signals to each processor element to selectively involve that element in the instruction 

processing. Table 4- £L£8 sets forth status flag operations for the instruction set. 

[00 4 9] Table 4 d e picts opcode field descriptions for the d e signated instruction s e t which ar e 
r e ferenced in Table 1 - 2. 

[0287] [0050] The instruction set may be grouped into the following functional 

categories: move instructions; math instructions; rotate/shift instructions; bit instructions; DSP 
instructions; skip instructions; flow instructions and stack instructions. 

[0288] [0051] Table 4-5 190 depicts addressing modes for source registers. Table 4-6 15H 

depicts addressing modes for destination registers. Table 4-3 190 depicts offset addressing 
modes for WSO source registers. Table 4-81£2 depicts offset addressing modes for WSO 
destination registers. Tables 4-9 1M through 4-4 4199 depict examples of prefetch operations and 
MAC operations. 

[0052] Th e instruction field coding which breaks down the opcod e into fields exploited by th e 
instruction decoder is shown in Table 2 - 1. Th e opcodes arc mapp e d to simplify the instruction 
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decoding logic. [0053] Collectively, the Tables illustrate the composition of the instruction op- 
code, the mnemonics that are assigned to the opcodes and details of the operation of the 
instruction. Even more details regarding each designated instruction and its exemplary us e s 
according to an embodiment of the present inv e ntion ar e pr e s e nt e d in Appendix A, Illustrative 
d e tails r e garding addressing mod e s ar e presented in Appendix B. An embodiment of timing for 
instructions within th e instruction set is presented graphically in App e ndix C. A d e tail e d 
embodiment of an architectur e for e x e cuting th e instruction set is attached as Appendix D. The 
App e ndices ar e incorporat e d by reference her e in. 

[0289] [005 4 ] The following terms, used in the Appendices, are intended to specify an 

illustrative embodiment of a processor, such as a digital signal controller, that may be used to 
implement the instruction set according to the present invention: "RoadRunner" and "dsPIC." 
Other embodiments may be implemented as a matter of design choice. 
[0055] Instruction Flows 
Address Generator Units 

[0290] The following description is enhanced by reference to Figures 24-81. Figure 

24 shows a block diagram illustrating a Register Direct mo de. Figure 25 sho ws a block 
diagram illustrating an alternate Register Indirect addressing mode. Figure 26 shows a 
block diagram illustrating a Register Indirect with Post-Decrement addressing mode. 
Figure 27 shows a block diagram illust rating a Register Indirect with Post-Increment 
addressing mode. Figure 28 shows a block diagram illustrating a Regi ster Indirect with 
Pre-Decrement addressing mode. Figure 29 R egister I ndirect with Pre-Increment 
Addressing mode. F igure 30 shows a bl ock diagram illustrating a Regis ter Direct with 5- 
bit signed Literal Operation mode. 

[02911 Figure 31 shows a block diagram illustrating a Register Direct. Operand 

Source m ode. Fig ure 32 shows a block diagram illustrating a Register Indire ct T Result 
Destinati on mode. Figure 33 shows a block diagram illustrating a Register Indirect, 
Operand Source mode. Figure 34 shows a block diag ram illustrating a Register Indirect. 
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Result Destination mode. Figure 35 shows a block dia gram illustratin g a Register Indirect 
with Post Decrement Source Operand mode. Figu re 36 sho ws a block diagram illustrating 
a Register Indirect with Post D ecrement Result Destination mode. Figu re 37 shows a 
block diagram illustrating a Reg ister Indirect with Post Increme nt, Operand Source mode. 
Figure 38 shows a block diag ram illust rating a Register Indirect with Post Increment, 
Result Destination mode. 

[02921 Figure 39 shows a block diagram illustrating a Register Indirect with Pre- 

Decrement, Source Operand mode. Figure 40 shows a block diagram illustrating a 
Register Indirect with Pre-Decrement T Result Destination mode. Figure 41 shows a block 
diagram illustrating a Register Indirect with Pre-Increment. Source Operand mode. 
Figure 42 shows a block diagram illustrating a Register Indirect with Pre-Increment» 
Result Destination mode. Figure 43 shows a block diagram illustrating a Register Direct, 
Operand Source mode. Figure 44 shows a block diagram illustrating a Register Direct 
Result Destination mode. Figure 45 shows a block diagram i llustratin g a Register Indirect 
Source Operand mode. 

[0293] Figure 46 shows a block diagram illustrating a Register Indirect. Result 

Destination mode. Figure 47 shows a block diagram illustrating a Register Indirect with 
Post Decrement, Source Operand mode. Figure 48 shows a block diagram illustrating a 
Register Indirect with Post Decrement, Result Destination mode. Figure 49 shows a block 
diagram illustrating a Regist er Indir ect with Post Increment, Source Operand mode. 
Figure 50 shows a block diagram illustrating a Register Indirect with Post Increment. 
Result Destination mode. Figure 51 shows a block diagram illustrating a Register Indirect 
with Pre-D ecrement T Source Operand mode. 
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[02941 Figure 52 shows a block diagram illustrating a Register Indirect with Pre- 

Pecremen t, Result Destination mode. Figure 53 shows a block diagram illustrating a 
Register Indirect with Register Offset. Operand So urce mo de. Figure 54 shows a block 
diagram illustrating a Register Indirect w ith Register Offset. Result Destination mode. 
Figure 55 shows a block diagram illustra ting a Register Indi rect with C onstant Offset. 
Source Operand mode. Figure 56 shows a block diagram illustrating a Register Indirect 
with Constant Offset, Result Destination mode. Figure 57 shows a block diagram 
illustrating a Register Indirect with Pre-Pecrement, Source Operand mode. Figure 58 
shows a block diagram illustrating a Register Indirect with Pre-Pecrement, Result 
Destination mode. 

102951 Figure 59 shows a block diagram illustrating a Register Indirect mode. 

Figure 60 shows a block diagram illustrating a Register Indirect with Post Increment 
mode. Figure 61 shows a block diagram illustrating a Register Indirect with Register 
Offset Operand Source mode. Figure 62 shows a block diagram illustrating a Register 
Indirect with Post Pecrement mode. 

[02961 Figure 63 shows a block diagram illustrating an X AGU, Figure 64 shows a 

block diagram illustrating a Y AGU. Figure 65 shows a block diagram illustrating an 
Increment ing Buff er Modulo addressing operation. Figure 66 shows a block diag ram 
illustrating a Decrementing Buffer Modulo addressi n g operation. Figure 67 shows a block 
diagram illustrating a Bit Reversed EA calculatio n. Figur e 68 shows a block diagram 
illustrating a Alternative Bit Reversed EA calculat ion method. 

102971 Figure 69 shows a block diagram illustr ating a Bit Reversed Addressing, 

Source Operand mode. Figure 70 shows a blo ck diag ram illustra ting a Bi t Reversed 
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Addressing, Destination Ope rand mode. Figure 71 shows a block diagram illu strating a 
Register Indirect T Table Read Operand Destination mode. Figure 72 shows a block 
diagram i llustratin g a Regist er Indire ct, Table R ead Ope rand Sour ce mode. Figure 73 
shows a b lock dia gram illustrating a Register Indirect Table Read Result Destination 
mode. Figure 74 shows a block dia gram ill ustrating a Register Indirect with Post 
Decrement, Table Read Source Operand mode. Figure 75 shows a block diagram 
illustrati ng a Register Indirect with Post Decrement Table Read Result Destination mode. 
Figure 76 shows a block diagram illustrating a Register Indirect with Post Increment 
Table Read Operand Source mode. Figure 77 shows a block diagram illustrating a 
Register Indirect with Post Increment Table Read Result Destination mode. Figure 78 
shows a block diagram illustrating a Register Indirect with Pre-Decrement Table Read 
Source Operand mode. Figure 79 shows a block diagram illustrating a Register Indirect 
with Pre-Decrement Table Read Result Destination mode. Figure 80 shows a block 
diagram illustrating a Register Indirect with Pre-Increment Table Read Source Operand 
mode. Figure 81 shows a block diagram illustrating a Register Indirect with Pre- 
increment Table Read Result Destination. 

[02981 The dsPI C core contains two independent address generator units. The X 

AGU is for MCI) and DSP instructions. The Y AGU is for DSP MAC class of instructions 
only. They are capable of supporting three types of data addressing: 

■ Linear addressing 

■ Modulo ( circular) addressing 

■ Bit Reversed addressing (X AGU only) 
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102991 Linear and modulo data addressing m odes can be applies to data space or 

program space. Although bit reversed addressing will work with any EA calculation, by 
definition it is only applicable to data space. 

Data Space Organization 
[0300] Although the data space memory is org anized as 16-bit words, all effective 

addresses (EAs) point to bytes. Instructions can thus access any byte or aligned words 
(data words at an even address^. Misaligned word accesses are not supported, and if 
attempted will initiate an address error trap. The LS-bit of the EA is used to determine 
u pper or lower bvte access. The LS-bit becomes a don't care' for word accesses. Each 
memory (or register where appropriate) must provide independent upper and lower byte 
write lines to support byte writes. In addition, a muliplexor must be included to route the 
LS bvte of an operand to the upper or lower byte of the target EA word for both reads and 
writes. 

[03011 When executing instructions which require just one source operand to be 

fetched from data space, the X AGU is used to calculate the effective address. The AGU 
can g ene rate an address to point to anywhere in the 64K bvte data space. It supports all 
addressing modes, modulo addressing for low overhead circular buffers, and bit reversed 
addressing to facilitate FFT data reorganization. 

[0302] When executing instructions which require two source operands to be 

concurrently fetched (i.e. the MAC class of DSP instructions), both the X and Y AGUs are 
used simultaneously and the data space is split into two independent address spaces, X and 
Y. The Y AGU supports regist er indirec t post-modi fied and modulo addressing only t Note 
that the data write phase of the MAC cla ss of inst ruction does not split X and Y address 
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s pace. The write EA is calculated using the X AG U and th e data space is config ured for 
full 64Kb yte access. 

[0303] In the split data space mode, some W register address pointers are dedicated 

to AGU X. others to AGU Y (see Figur es 63 and 64, respectively). T he EAs of each 
operand must therefore be restricted to he within different address spaces. If they are not, 
one of the EAs will be outside the addre ss space of the corresponding data space (and will 
fetch the bus default value. 0x00001 

Instruction Addressing Modes 
10304] While alternate addressing modes are possible with the present invention, the 

basic set of address in g modes for this illustrative example are shown in Table 170. Note 
that, Wn+ => indicates that the contents of Wn is added to som ething to form the effective 
address which is then written back into Wn. Wn+ T indicates that the contents of Wn is 
added to something to form the effective address but the contents of Wn remain 
unchanged. 

[03051 The addressing modes in Table 170 form the basis of three groups of 

addressing modes optimized to support specific instruction features. They a re Mode 1. 
Mode 2 and Mode 3. The DSP MAC and derivative instructions are an exception where 
the addressing modes are encoded differently. This set of addressing modes is referred to 
as Mode 4. Refer to dsPIC Instruction Set DOS for full details. 

TABLE 170 -- Fundamental Add ressing Modes Suported 

Addressing Mode Function Description 
Register Direct EA = Wn Wn is the EA 
Register Indirect EA = [Wn] The conte nts of Wn forms the EA 
Register In direct Post- EA = [Wn]+= 1 The contents of Wn forms the EA which is POSt- 
modified EA = rwn]-= 1 modified by a consta nt value 

Register In direct Pre- EA = [Wn+= 1] Wn is pre- modified by a sign ed constant value tQ 

modified EA = [Wn-= u form the EA 

Register I ndirect with EA = fWn + Wb] The Slim pf Wn and Wb forms the EA 
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Register Offset 

Register I ndirect with EA = [Wn + The sum of Wn and a signed constant v alue forms 

Constant Offset constant! ihe_EA 

EA = effective address 

All address modification valu es (excep t Wb) are s caled for word access 

[03061 All but a few instructions support both 8-bit and 16-bit operand data sizeSt 

Tn order to efficiently accommodate this requirement, all effective addresses are byte 

alig ned. As the data space is 16-bits wide, the following consequences must be understood, 

L, Miss-aligned word accesses are not supported, All word effective addresses 
must be even (the LS-bit of the EA is ignored by the data space memory). 

2*. The LS-bit of the effective address is used to select which bvte (upper or 
lower) is multiplexed onto bits [7:01 of the data bus for byte sized accesses. 

3. Post and pre-modification of a register by a constant value to create a new 
effective address must take into account of the data size accessed* All 
constant values, whether implied (e.g. posMnc) or declared (e.g. p ost-modify 
with SSlit) are scaled by a factor of 2 for word accesses. For example; 

|Ws1+=l will post-modify data source pointer Ws by 1 for a bvte access, and by 2 for_a 
word access. [Ws]+=Slit5 will post-modify data source pointer Ws by SIi t5 for bvte 
accesses and Slit5«l (shift left bv 1) for word accesses. FinaIl y T register offsets are not 
scaled. 

[03071 Unless otherwise noted, it is assumed that all addresses and addressing 

modes refer to byte size accesses. All addressing modes which have to calcul ate the EA 
(pre-modified T register offset and constant offset) have very tight timing r equirements 
which may require some instruction addressing sequence restrictions* 
Mode 1 

[03081 Mode 1 determines the addres sin g mode for one of the two operand sources 

required for the three operand instructions (found in categories MATH' an d SKIP'). 
These ins tructions are of the form; 
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Result = Operand 1 <function> Operand 2 
f03091 Operandi is always a register (i.e. the addressing mode can only he reg ister 

direct) which is referred to as Wb. Operand 2 is f etched fro m data memory based wpon the 
addressing mode selected bv Mode 1. Mode 1 the refore de fines one of the source operand 
addressing modes and implies that of the other sou rce operand. 

103101 In addition. Mode 1 mav also provide a signed 5-bit constant (literal) as the 

operand. In this case, the instruction is of the form: 

Result = Operand 1 <function> signed literal 
[03111 Operand 1 is always a register (i.e. the addressing mode can only be register 

direct) which is selected from the Ws field in the instruction. The 4-bit Wb field forms the 
4 LS-bits of a signed constant. It is concatenated with the LS-bit of the three bit Mode 1 
field to form the 5-bit signed constant yalue. 

[0312] In summary, Mode 1 supports the addressing modes shown in Table 171 

TABLE 171 -- Mode 1 Addressing Mode Definition 



Mode 1 

Bjl 
Encoding 
000 
001 

010 
011 
100 

101 

110 
111 



EA 


= Wb 


EA 


= Wb 


EA 


= Wb 


EA 


= Wb 


EA 


= Wb 


EA 


= Wb 


EA 


= Ws 



Operandi 

Description 

Register direct 
Register direct 

Register direct 
Register direct 
Register direct 
Register direct 
Register direct 



Operand 2 



Eunctipji 
EA = 

EA = fWsl 
EA = fWs]-=l 

EA = rWs1+=JL 

EA = rWs-=l] 

EA=[Ws+=n 

Operand 2 = S5lit 



Description 

Register direct 
Register indirect 
Register indirectpost; 

decremented 
Register indirecLposk 

incremented 
Register indirecLprer 

decremented 
Register indirecLpre^ 

incremented 

5rbit_signed literal 



Mode 1 T Register Direct 
[0313] Addressing Mode 1, Submode 0 is register direct. The implied effective 

address is the memory mapp ed address of register Ws. R ather than executing a memory 
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fetch T it m ay be pre ferable to perform two W-array fetches if bussing allows. The operand 
is contained in Ws as shown in Figure 24 

Mode 1. Register Indirect 
[03141 Addressing Mode 1 T Submode 1 is register indirect. The effective address 

contained in register Ws points to the operand as shown in Figure 25. 

Mode 1, Register Indirect with Post Decrement 
[03 151 Addressing Mode 1 T Submode 2 is register indirect with post decrement. The 

effective address contained in register Ws points to the operand. Ws is then post 
decremented as shown in Figure 26. 

Mode 1. Register Indirect with Post Increment 
[03161 Addressing Mode 1. Submode 3 is register indirect with post increment. The 

effective address contained in register Ws points to the operand. Ws is then incremented as 
shown in Figure 27. 

Mode 1, Register Indirect with Pre Decrement 
[03171 Addressing Mode 1, Submode 4 is register indirect with pre-decrement. 

Register Ws is decremented to form the effective address which points to the operand as 
shown in Figure 28. 

Mode 1, Register Indirect with Pre Increment 
[03181 Addressing Mode 1. Submode 5 is register indirect with pre increment. 

Register Ws is incremented to form the effective address which points to the operand as 
shown in Figure 29 t 
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Mode 1, R egister Di rect with 5-bit Signed Literal 
[03191 Addressing Mode l. Submode 6/7 is registe r direct with 5-bit si gned literal. 

As shown in Figure 30, operand 1 is contained in W s. Opera nd 2 is the 5-bit signe d literal 
embedded within the instruction. The 4-bit Wb fi eld forms the 4 LS-bits of a signed 
constant. It is concatenated with the LS-bit of the three bit Mode I field to form the 5-bit 
signed constant value* 
Mode 2 

[03201 Mode 2 determines the addressing mode for either the result destination or a 

source operand, depending upon instruction requirements. It follows the same definition 
for each encoding as Mode 1 except that it applies to only one operand. The Mode 1 signed 
5-bit constant value mode makes little sense where Mode 2 is used, and is therefore not 
supported. In summary. Mode 2 supports the addressing mode shown in Table 172, 
TABLE 172 -- Mode 2 Addressing Mode Definition 

Function Function n _ Q ... n 

Bit Encoding (Source) (Destination) uescnpuon 

QQfl EA = Wsrc EA = Wdst Register direct 

QQ1 EA = [Wsrc] EA = fWdst] Re gister indirect 

01 0 EA = fWsrc|-= 1 EA = [Wdst]-= 1 Register indirect post-decremented 

011 EA = [Wsrc]+= 1 EA = [Wdst]+= 1 Register indirect post-incremented 
1HQ EA = fWsrc-=l] EA = fWdst-=n Register indirect pre-decremented 
101 EA = [Wsrc+=1] EA = [Wdst+=1] Register indirect pre-incremented 

110 Unused Unused 

111 Unused Unused 

Mode 2. Register Direct 
[03211 Addressing Mode 2, Submode 0 is register direct The implied effective 

address is the memory mapped address of register Wsrc or Wdst. The operand is 
contained in Wsrc as shown in Figure 31. or the result is written to Wdst as shown in 
Fi gure 32. In both cases. Wsrc or Wdst is accessed through addressing its memory mapped 
image. No te that T a s the EA is im plicitly defined as a word address, byte data size accesses 
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will only b e able to read or wri te the LS byte<7;0> (LS-biit of the EA is always clear) in this 
addressing mode. Rather than executing a memory fetch, it mav be preferable to perform 
two W-array fetches if bussing allows??? 

Mode 2 T Register Indirect 
[03221 Addressing Mode 2. Submode 1 is register indirect. The effective address 

contained in register Wsrc points to the operand as shown in Figure 33, or Wdst points to 
the result destination as shown in Figure 34. 

Mode 2, Register Indirect with Post Decrement 
[03231 Addressing Mode 2. Submode 2 is register indirect with post decrement The 

effective address contained in register Wsrc points to the operand, or the effective address 
contained in register Wdst points to the result destination Wsrc or Wdst is then post 
decremented as shown in Figure 35 and Figure 36. 

Mode 2, Register Indirect with Post Decrement 
[03241 Addressing Mode 2, Submode 3 is register indirect with post decrement. The 

effective address contained in register Wsrc points to the source operand, or the effective 
address contained in register Wdst points to the result destination. Wsrc or Wdst are then 
decremented as shown in Figure 37 and Figure 38t 

Mode 2, Register Indirect with Pre Decrement 
F03251 Addressing Mode 2. Submode 4 is register indirect with pre decrement 

Register Wsrc or Wdst is decremented to form the effective address which points to the 
operand as shown in Figure 39 and Figure 40 
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Mode 2, Register Indir ect with P re Increment 
[03261 Addressing Mode 2, Submode 5 is register indirect with pre increment 

Register Wsrc or Wdst is incremented to form the effective address which points to the 
operand as shown in Figure 41 and Figu re 42. 
Mode 3 

[03271 Mode 3 is used bv 'MOVE' and some of the DSP class instructions where 

addressing flexibility is important. It follows the same definition for each encoding as 
Mode 1 except that it uses the Wb field as an address operand (instead of a data operand), 
In addition, Mode 3 also supports register with register offset addressing mode, sometimes 
referred to as register indexed, 

[03281 The 5-bit signed constant required by Submode 6/7 is created by 

concatenating the Wb fi eld with the LS-bit of the 3-bit Mode 3 field. Fo r the MOV 
instruction, the Mode 3 addressing modes can differ for the source and destination EA. 
However, the 4-bit Wb field is shared between both source and destination (but typically 
only used by one). In summary. Mode 3 supports the addressing mode shown in Table 173. 
TABLE 173 -- Mode 3 Addressing mode Definition 

Description 

Register direct 
Regi ster indirect 

Register indirect post-decremented 
Register indirect post-incremented 
Register indirect pre-decrement 
Register indir ect with register offset 
Register indirect with signed 5-bit constant value 
Offset (note 1) 

Mode 3, Register Direct 
I03291 Addressing Mode 3. Submode 0 is register direct The im plied effective 

address is the memory mapped address of register Wsrc or Wdst. The operand is 



Bit Encoding 

flflfl 
001 
010 
011 
100 
101 
110 
111 





Function 


EA = 


Wn 


EA = 


fWnl 


EA = 


rwdsti-= 1 


EA = 


rwdsti+= 1 


EA - 


rwdst-= 11 


EA = 


rwn + ww 


EA = 


rWn + S5litl 
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contained in Wsrc as shown in Fig ure 43. or the result is written to Wdst as shown iij 
Figure 44, In both cases. Wsrc or Wdst is accessed through addressing its memory mapp ed 
image. Rather than executing a memory fetch T it mav be preferable to perform two W- 
array fetches if bussing allows. 

Mode 3 t Register Indirect 
[0330] Addressing Mode 3, Submode 1 is register indirect. The effective address 

contained in register Wsrc po ints to the operand as shown in Figure 45, or Wdst points to 
the result destination as shown in Figure 46. 

Mode 3, Register Indirect with Post Decrement 
[03311 Addressing Mode 3, Submode 2 is register indirect with post decrement. The 

effective address contained in register Wsrc points to the operand, or the effective address 
contained in register Wdst points to the result destination. Wsrc or Wdst is then post 
decremented as shown in Figure 47 and Figure 4& 

Mode 3. Register Indirect with Post Modification 
[0332] Addressing Mode 3, Submode 3 is register indirect with post-increment. The 

effective address contained in register Wsrc points to the operand or the effective address 
contained in register Wdst points to the result destination. Wsrc or Wdst are then 
incremen ted as shown in Figure 49 and Fig ure 50. 

Mode 3, Register Indirect with Pre Decrement 
[0333] Addressing Mode 2, Submode 4 is register indirect with pre decrement. 

Re gister W src or Wdst is decremented to form the effective address which points to the 
operand as shown i n Figure 51 and Figure 52. 
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Mode 3, Re gister Indirect with R egister Offset 
[03341 Addressing Mode 3. Suhmode 5 is register indirect with register offset For 

an operan d read, the effective address of the operand is formed by adding the contents of 
Wsrc and Wb as shown in Figure 53. For a result destination write, the effective address of 
the operand is formed by addin g the cont ents of Wdst and Wb as shown in Figure 54. Wb T 
Wsc or Wdst are not modified bv these operations unless bit reversed addressing 
(described elsewhere in this specification) is enabled, in which case Wsc and/or Wdst are 
updated with the new EA. This is the only addressing mode which operates in a 
meaningf ul way with bit reversed addressing. 

Mode 3, Register Indirect with Constant Offset 
[03351 Addressing Mode 3, Submode 6/7 is register indirect with constant offset 

For an operand read, the effective address of the operand is formed by adding the contents 
of Wsrc and a 5-bit signed literal, as shown in Figure 55t For a result destination write, the 
effective address of the operand is formed by ad din g the contents of Wdst and a 5-bit 
signed literal as shown in Figure 56, Wsc or Wdst are not modified by these o perations. 
The 4-bit Wb field forms the 4 LS-bits of the signed constant. It is concatenated with the 
LS-hit of the three bit Mode 1 field to form a 5-bit signed constant value If the 5 -bit signed 
literal equals 0, this addressing mode is interpreted as register indirect with a pre- 
decrement* 

Mode 4 

103361 The dual source operan d DSP instru ctions (MAC, CLRAC, MPYAC & 

MQVAC) utilize a simplified set of addressing modes (Mode 4> to allow the user to 
effectively manipulate the data pointers t hrough r egister indirect tables. 
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103371 Wsrc must be a member of the set W5. W6. W71. For data reads. W4 

and W5 will always he directed to the X AGU and W6 and W7 will always be directed to 
the Y AGU. The effective a ddresses generated (before and after modification) must 
therefore be valid addresses within X data space for W4 and W5, and Y data space for W6 
and W7. Register indirect wi th re gister offset addressing is only available for W5 (in X 
space) and W7 fin Y space), 

[03381 In summary, Mode 4 supports the addressing modes shown in Table 174 for 

X data space and those shown in Table 175 for Y data space. 

TABLE 174 -- Mode 4 Addressing Mode Definition for X Data Space 



Bit Encoding 



Function 



QQQQ 


fa = rw 4 1 


QQQ1 


FA = rW41+=2 


0010 


FA = rW 4 1+=4 


0011 


FA = rW41+=fi 


0100 


None 


0101 


EA = rw 4 1-=6 


0110 


FA = rw 4 1-=4 


0111 


FA = rW41-=2 


1000 


EA = rW51 


1001 


EA = rW51+=2 


1010 


FA = rW 5 1+=4 


1011 


EA = rw5i+=e 


1100 


EA = rW 5 +W 8 1 


1101 


EA = rW51-=6 


1110 


EA = rW51-=4 


1111 


FA = fW 5 l-=2 



Description 

Register indirect 

Register indirect post-inc_by_2 

Register indirect post-incj3VL4 

Register indirect post-inc_by_fi 

Disable data prejfetcil 

Register indirect post-dec by 6 

Register indirect post-dec bv_4 

Register indirect post-decJm2 

Register indirect 

Register indirect post-inc by 2 

Register indirect p ost-in C by 4 

Register indirect post-inc by_6 

Register indirect with register offset (indexed) 

Register indirect post-dec by 6 

Register indirect post-dec by 4 

Register indirect post-dec_hy_2 



Mode 4 instructions are word sized only, so post-modification values are already 
scaled ap propriately 

Addressing mode defined by read address space 



TABLE 17 5 ■- Mode 4 Addressing mode Definition for Y Data Space 

Function 



Mode_4 
Bit Encoding 



QQQQ 
0001 



ea = rw 6 1 

E A = [W 6 ]+=2 



Description 

Register indirect 

Register indirect post-inc by _2 
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QMfl 


EA = [W6J+=4 


Register indirect post-inc by 4 


0011 


EA = rW 6 1+=6 


Reoister indirect Dost-inc bv 6 


0100 


None 


Disable data p re-fetch 


0101 


EA = rW 6 l-=6 


Reaister indirect oost-dec bv 6 


0110 


EA = rW 6 1-=4 


Reqister indirect post-dec by 4 


0111 


EA = IW 6 1-=2 


Register indirect post-dec by 2 


10M 


EA = rw 7 1 


Reaister indirect 


1001 


EA = rW 7 1+=2 


Register indirect post-inc_by_2 


1010 


EA = TW71+=4 


Register indirect post-inc_by_4 


1011 


EA = [W7]+=6 


Register indirect post-inc by 6 


1100 


EA = fW7+W«l 


Reaister indirect with register offset 


1101 


EA=rW71-=6 


Reaister indirect post-dec by 6 


1110 


E A = HA/ 7 1-=4 


Register indirect post-dec by 4 


1111 


EA=rW71-=2 


Register indirect post-dec Jjy_2 



Mode 4 instructions are word sized only, so post-modification values are already 
scaled appropriately 

Addressing mode defined by read address space 

Mode 4. Register Indirect 
[03391 Addressing Mode 4, Submodes 0 & 8 are register indirect The effective 

address contained in register Wsrc points to the operand as shown in Figure 59. Only 
word sized o perands are allowed. 

Mode 4, Register Indirect with Post Increment 
[03401 Addressing Mode 4 T Submodes 1 T 2. 3 T 9. 10 & 11 are reg ister indirect with 

post increment. The effective address contained in register Wsrc points to the operand. 
Wsrc is then post incremented by 2 T 4 or 6 as shown in Figure 60. Mis aligned w ord fetches 
are possible if Wsrc contains an odd value. Should this occur, an address error trap will be 
generated^ 

Mode 4. Pre-fetch Inhibit 
[03411 Addressin g mode Mode 4, Sllbmode 4 will inhibit a data fet ch from X or Y 

address s pace. No ta rget regi sters are modified. 
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Mode 4. Register Indirect with Reg ister Offset 
F03421 Addressing Mode 4, Suhmodes 12 is register indirect with r egister offset. 

The effective address of the operand is formed by ad din g the contents of Wsrc CW5 or W7) 
and W8 as shown in Figure 61. The offset register IS f ixed as W8. Neither Wsrc or W8 are 
not modified by these operations. This ad dressing mode operates in an identical manner to 
that of Mode 3 register indirect with register offset, in which the offset register fW8 in this 
case) is not automatically scaled for word accesses- Consequent^ misaligned word fetches 
are possible if W8 contains an odd value. Should this occur, an address error trap will be 
generated. 

[03431 Addressing Mode 4, Submodes 5- 6. 7. 13. 14 & 15 are register indirect with 

post decrement. The effective address contained in register Wsrc points to the operand. 
Wsrc is then post decremented by 2, 4 or 6 as shown in Figure 62, Misaligned word fetches 
are possible if Wsrc contains an odd value. Should this occur, an address error trap will be 
generated* 

XAGII 

[03441 The X AGU supports all addressing modes including modulo addressing and 

bit reversed addressing, A block diagram is shown in Figure 63. The basic elements are 
now described. 

Effective Address Adder 
[03451 The effective address (EA) adder generates the effective addresses for all 

instructio n using X data space prior to modification by modulo addressing. It supports all 
addressing modes including bit reversed addressing. The adder accepts the source or 
destination W register on the A input a nd either of the following on B input based upon 
which addressing mode is required. 

HOimi:Sfi7^0SHOU02:4m^4-10(>7106 - 239 - 



Client Reference No. MTI-2095.1JS.0 



Patent 



1 . Offset CWb) register contents 

2. Signe d 5-hit literal. SlitS 

3. Constant value of: 0. +1. +2, +4. +6, -1. -2. -4 or -6 

The value range for SlitS is -16 <= SlitS <= +15. 

Modulo and Bit Reversed Addressing Controller 

[03461 The Modulo and Bit Reversed Addressing Controller block enables or 

disables these addressing modes, and provides the appropriate control signals to the rest of 

the AGIL If modulo and bit reversed addressing are disabled, the EA adder result passes 

unmodified to the AGU output 

Modulo Addressing Comparator/Subtractor 

[03471 Modulo addressing relies on automatic correction of any generated EA such 

that it is forced back into the selected ci rcular bu ffer address range, For an incrementing 

buffer, the offset sign is positive. The end address is therefore routed to the subtractor. and 

subtracted from the new EA. If the result is negative, the address is within the buffer 

boundaries and will propagate unchanged. If the result is positive (including zero), 

indicating the EA has passed the end add ress, it is logically ORed with the start address. 

This is equivalent to adding it to the start address to create the wrap address for a start 

address o n a zero' power of two boundary, 

[03481 For a decrementing buffer, the offset sign is negative. The start address is 

therefore routed to the subtractor, and subtracted from the new EA. If the result is 
positive, the address is within the buffer boundaries and will propagate unchanged. If the 
result is negative, in dicatin g the EA has passed the start address, it is logically AND'ed 
with the start address. This is equivalent to adding it (a negative value) to the start address 
to create the wrap address for an end address on a ones 1 address boundary. 
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V AGU 

[03491 As the Y AGU is only used by the MAC class of DSP instructions, its function 

is restricted to supporting post-modified register indirect fusing a constant modifier) and 
modulo addressing. A block dia gram is shown in Figure 64t The basic elements are now 
described. 

Effective Address Adder 
[03501 The effective address (EA) Adder generates the effective addresses for all 

instruction using Y data space prior to modification by modulo addressing. It supports 
post-modified register indirect (usin g a constant modifier). It does not support bit reversed 
addressing. The adder accepts the source or destination W register on the A input and a 
constant (0, +2, +4, +6, -2, -4 or -6) on B input depending upon the post modified constant 
declared in the instruction. 

Modulo Addressing Controller 
[03511 The Modulo Addressing Controller block enables or disables modulo 

addressing, and provides the app ro priate control signals to the rest of the AGU. If modulo 
addressing is disabled, the EA adder result passes unmodified to the AGU output, 

Modulo Addressing Comparator/Subtractor 
[03521 Modulo addressing relies on automatic correction of any generated EA such 

that it is forced back into the selected circular buffer address range. For an incrementing 
buffer, the offset sign is positiv e. The end address is therefore routed to the subtracter, and 
subtracted from the new EA, If the result is negative, the address is within the buffer 
boundaries and wi ll propag ate unchanged. If the result is positive (including zero), 
indicatin g the EA h as passe d the end address, it is logically ORed with the start address. 
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This is equivalent to adding it to the start address to create the wrap address for a start 
address on a zero' power of two boundary, 

[03531 For a decrementing buffer, the offset si^ n is negative. The start address is 

therefore routed to the subtracter, and subtracte d from the new EAt If the result is 
positive, the address is within the buffer boundaries and will propagate unchanged. If the 
result is negative, indicating the EA has passed the start address, it is logically ANP'ed 
with the start addresst This is e q uivalent to adding it (a negative value) to the start address 
to create the wrap address for an end address on a ones' address boundary. 
Modulo Addressing 

[03541 Modulo addressing is a method of providing an automated means to supp ort 

circular data buffers using hardware. The objective is to remove the need for software to 
perform data address boundary checks when executing tightly looped code as is typical in 
many DSP algorithms, 

[03551 dsPIC modulo addressing can operate in either data or program space (since 

the data pointer mechanism is essentially the same for both). One circular buffer can be 
supported in each of the X (which also provides the pointers into Program space) and Y 
data spaces. Modulo addressin g can o perate on anv W register pointer. 
[03561 In order to minimize the hardware size for modulo addressing support, 

certain usage restrictions may be imposed. In summary, anv one circular buffer can only 
be allowed to operate in one direction as the buffer start address (for incrementing buffers) 
or end address (for decrementing buffers) is restricted based upon the direction of the 
buffer. The direction is determined from the addres s offset sign. 
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Start a nd End Address 
[03571 The modulo addressing scheme requires that either a starting or an end 

address he specified and loaded into the 1 6-bit modulo buffer address registers* 
XMODSRT. XModeND. Y MODSRT. YModeND. 

[0358] The data buffer start address is arbitrary but must be at a zero\ power of 

two boundary for incrementing address buffers. It can be any address for decrementing 
address buffers. For example, if the buffer size (modulus value) is chosen to be 100 bvtes 
(0\64) T then the buffer start address for an incrementing buffer must contain 7 least 
significant zeros. Valid start addresses mav therefore be OxXXOO and 0xXX80 where V is 
any hexadecimal value. Adding the buffer length to this value will give the end address to 
be written into X/YModeND. For example, if the start address was chosen to be 0x2000.. 
then the X/YModeND would he set to (0x2000 + 0x0064^ = 0x2064. Note that the last 
physical address of the buffer will be at end address -1 because the buffer range is 0 to 
0x63. 'Starting address* refers to the smallest address boundary of the circular buffer. 
The initial entry address (first access of the buffer) may point to any address within the 
modulus range. 

[03591 The data buffer end address is arbitrary but must be at a ones' boundary 

for decrementing buffers. It can be at any address for an incrementing buffer. For 
example, if the buffer size (modulus value) is chosen to be 100 bvtes (0x64), then the buffer 
end address for an incrementing buffer must contain 7 least significant ones. Valid end 
addresses may therefore be O xXXFF and 0xXX7F where X' is any hexadecimal value. 
Subtracting the buffer length from this value the adding 1 will give the start address to be 
written into X/YMODSRT. F or exam ple, if the en d address was chosen to be 0x207F. then 
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the start address would be (0x207F - 0x0064+1^ = 0x201 C. which is the first physical 

address o f the buffer* 

[03601 In an incrementing b uffer T the modulo ad dressing hardware p erforms the 

address correction bv subtracting the buffer end address f rom the EA and, if the result is 
positive, adding it to the start address. As the start address is on a zero', power of two 
boundary, the addition may be performed bv a log ical OR o peration. 

[0361] In a decrementing buffer, the modulo addressing hardware performs the 

address correction bv subtracting the bu ffer Start address from the EA and, if the result is 
negative, adding it to the end address. As the end address is on a ^ ones' boundary, the 
addition may be performed by a logical AND operation. All modulo addressing EA 
calculatio ns assume word size data (LS-bit of every EA is always clear). The XM value 
mav scaled accordingly to generate compatible (bvte) addresses, leaving the LS-bit of all 
EAs clear. 

Buffer Length 

[0362] The data buffer length can be any value up to 64K words. The buffer length 

is not used in this scheme to correct buffer addresses or determine modulo range. 

W Address Register Selection 
[0363] The modul o and hit reversed addressing control register MOPCON<15;0> 

contains enable flags plus W register fi eld to specify the W address registers. The XWM 
and YWM fields se lects which registers will operate with modulo addressing. If XWM == 
IS. AGIJ X modulo addr essing is di sabled. Simi larly, if YW M = 15. AG IJ Y modulo 
addressing is disabled* 
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[0364] Modulo addressing and hit reversed addressing should not he enabled 

to gether. In the event that the user attempts to do this, bit reversed addr essing will assume 
priority when active and X modulo address ing will be disabled, 

F03651 The X address space pointer W register (XWM) to which modulo addressing 

is to be ap plied, is stor ed in MO DCON<3:0> (see Table 1761 Modu lo addressing is 
enabled f or X data space when XWM is set to anv value other than 15 and the XModeN bit 
is set at MOPCONF151. 

10366] The Y address space pointer W register (YWM) to which modulo addressing 

is to be applied, is stored in MODCON<7:4> (see Table 1771 Modulo addressing is 
enabled for Y data space when YWM is set to anv value other than 15 and the YModeN bit 
is set at MODCONH41. 

Modulo Addressing Applicability 
[0367] Modulo addressing can be applied to the effective address (EA) calculation 

associated with any W register. It is important to realize that the address boundaries 
checks look for addresses less than or greater than the upper (for incrementing buffers) 
and lower (for decrementing buffers) boundary addresses (not just equal to). Address 
changes may therefore jump over boundaries and still be adjusted correctly. 
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TABLE 176 -- MODCON. Modulo & Bit Reverse d addressi ng Control Register 

(Oxxxxx) 



Upper HalL 

R/W-0 R/W-0 jj U R/W-0 

XMQdeM YModeN -_ -_ BWM3 

hiU5 

Lower HaJh 

R/W-0 R/W-0 R/W-0 R/W-0 

YWM3 YWM2 YWM1 YWMO 

bit 7 



R/W-0 R/W-0 R/W-0 

BWM2 BWM1 BWMQ 

bit& 



R/W-0 R/W-0 R/W-Q R/W-0 

XWM3 XWM2 XWM1 XWMO 

hiLQ 



XModeN: X AGU Modulus Addressing Enable 

15 1 = X AGU Modulus Addressing enabled 

0 -X AGU Modulus Address ing disabled 
YModeN: Y AGU Modulus Add ressing Enable 

14 1 = Y AGU Modulus Addressin g enabled 

o = Y AGU Modulus Addressing disabled 

12 Unused 

12 Unused 

RWM: X AGU Register Select for Bit Reversed Addressing 
0000 = W Q selected for bit reve rsed addressing 

1110 = W14 selected for bit reversed addressing 

1111 = W15 bit rever sed addr essing disabled 

YWM: Y AGU W Regist er Select f or Modulo Addressing 
0000 = WO selected for modulo addressing 
M U 

1110 = W14 selected for mod ulo addressing 

1111 = W1 5 modulo addressing disabled 

XWM: XAGU W Regist er Select f or Modulo Addressing 
QQQQ_= WO selected for modulo addressing 

M U 

1110 = W14 selected for modulo addressing 

1111 = W15 modulo addressing disabled 



Legend 

R = Readable bit W = Writable bit U = Unimplemented fo/f T read as 0' 

-n = Value at POR 1 = bit is set 0 = bit is cleared x = bit is unknown 



HOUOi :867605HOU02:4£Q69^ 1MLHM. 



-246- 



Client Reference No. MT T-2095.IJS.0 Patent 

TABLE 177 XMODSRT. X AGU Modulo addressing Start Register fXXXX h ) 
Upper HalL 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

XS15 XS14 XS12 XS12 XS11 XS10 XSg XS& 

biU3 biL& 
Lower HalL 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

XS1 XS£ XS5 XS4 XS3 XS2 XS1 XSg 

bit 7 biLQ 

1M XS: X AGU Modulo Addres sing Start Address 

Legend 

R = Readable bit W = Writable bit U = Unimp lemented bit read as^Q! 

-n = Value at POR 1 = bit is set 0 = bit is cleared x = bit is unknown 
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Modulo Addressing Operation 



TABLE 178 -- XModeND. X AGU Modul o addressing ENID Register fXXXX h ) 
Upper Half: 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-Q R/W-G 

XE15 XE14 XE12 XE11 XEM XE9 XEfi 

bit 15 bits 
Lower Half: 

R/W-0 R/W-0 R/W-0 R/W-Q R/W-0 R/W-0 R/W-0 R/W-0 

XEI XES XE5 XEA XE3 XE2 XE1 XEQ 

bit 7 bitO 

i5=Q XE: XAGJJ Modulo Addressing End Address 

Legend 

R = Readable bit W = Writable bit U = Unimplemented bit, read asJH! 

-n = Value at POR 1 = bit is set o = bit is cleared * = bit is unknown 

TABLE 179 -- YMODSRT. Y AGU Modulo addressing St art Register fXXXX h ) 

Uoner Half: 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

YS15 YS14 YS13 YS12 YS11 YS10 YS9 YS8 

bit 15 hM 
Lower Halt 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

YS7 YS6 YS5 YS4 YS3 YS2 YS1 YSO 

bit 7 bitO 
1M YS: Y AGU Modulo Addressing Start Address 

Legend 

R = ReadableJui W = Writable bit U = Unimplemented bit read asJfL' 

-n = Value at POR 1 = bit is set 0 = bit is cleared x - bit is unknown 
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TABLE 180 ~ YModelMD. Y AGU Modulo addressin g END Register fXXXX h ) 

Upper Half: 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

YE15 YE14 YE13 YE12 YE11 YE10 YES YE& 

bit 15 hit* 
Lower Halh 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

YE7 YE6 YES YEA YE3 YE2 YE1 YEQ 

bit 7 bJLQ 

15=Q YE; XAGU Modulo Addressing End Address 

Legend 

R = Readable bit W = Writable bit U = Unimplemented bit r read as_lQ! 

-n = Value at POR 1 = bit is set 0 = bit is cleared x = bit is unknown 

Modulo Addressing Restrictions 

[Q3681 As stated above, for an incrementing buffer the circular buffer start address 

(lower boundary) is arbitrary but must be at a zero', power of two boundary. For a 

decrementing buffer, the circular buffer end address is arbitrary but must be at a ones' 

boundary. With this scheme, there are no restriction regarding how much an EA 

calculation can exceeds the address boundary being checked, and still be successfully 

corrected. Once configured, the direction of successive addresses into a buffer cannot be 

changed. Although all EA's will continue to be generated correctly irrespective of offset 

sign, onl y one address boundary is checked for each type of buffer. Accessing an 

incrementing buffer with a decrementing address could result in the address decrementing 

through the start address. If this occurs, an out of range address will be detec ted hut the 

address wrap operation will fail unless the end address is on a ones' address boundary 

(because the addition is simplified to an OR operation). For example, if the s tart address = 

0x200Q T end addresses that w ill sup port a bi-dire ctional bu ffer include 0x2QQF, 0x2Q3F or 

any modulo 2 length buffer. As similar augment applies to accessing a decreme nting buffer 

with an incrementing address. 
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Modulo Addressing Timing 
[03691 Modulo a ddressing c an o perate on both source and destination operands (i.e. 

for data reads and writes). Co nse quentl y it must meet timing for the Standard instruction 
cycle timing. Ideally, all AGU adder results should be stable by the end of 01 (for reads 
and stack writes) or Q3 (for writes or stack reads). Effective address selection should occur 
on rising Q2 or Q4. The W address register update (when required) should occur during 

[03701 Alternatively, each AGU could be built as an asynchronous block allowing 

the address calculation and selection to ripple through. However, it is highly likely that 
this will result in many spurious address transitions which could effect power consumption 
if allowed to propagate too far. 

Bit Reversed A ddressing 
[Q3711 Bit reversed addressing is intended to simplify data re-ordering for radix-2 

FFT algorithms. It is supported by the X AGU only, The carry propagation direction for a 
bit reversed EA calculation is changed t o most significant bit to least significant bit. The 
modifier (a constant value or register contents) must also be regarded as having its bit 
order reversed. For example, for a 16 entry buffer (words & byte data size implications 
are discussed later) T the address pointer and result are bit re-ordered as shown in Figure 

[0372] This example shows a pointer being incremented by one bv an adder with a 

conventional carry d irection. The modifier is presented in normal bit order (Is-bit to the 
right). The address pointer is a bit reve rsed EA and is presented in reversed bit order (LS- 
bit to the left). The address and result must be fli p ped around a p ivo t point in the middle 
of the address length in order for this to work with a conventional adder. The problem 
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arises when the buffer leng th is a variable which m akes the bit swap operation 
unreasonably complex (the piv ot point varies). An alternative is to keep the address source 
and destination in reversed order and use a bit reversed modifier with a reversed carry 
adder as shown in Figure 68. The net r esult is the same but the only operand requiring 
reversal is the modifier. As this is a constant the reversed value does not need to be 
created for each calculation. 

[03731 Table 181 shows the result of traversing the entire buffer, starting at address 

0. Other modifier values will produce a bit-reversed address sequence, but only this one is 
reported to be of any real use. 

TABLE 181 Bit Reversed Address Sequence M6-Entrv) 



Bit Reversed Address 



AO 


Al 


A2 


A3 


Q 


Q 


Q 


0 


1 


Q 


Q 


0 


Q 


1 


Q 


Q 


1 


1 


0 


Q 


Q 


0 


1 


Q 


1 


0 


1 


D 


0 


1 


1 


D 


1 


1 


1 


0 


Q 


Q 


Q 


1 


1 


o 


Q 


1 


Q 


i 


Q 


1 


1 


l 


0 


1 


a 


Q 


1 


1 


l 


0 


1 


1 


0 


1 


1 


1 


l 


1 


1 


1 



[03741 Bit reversed addressing is only supported by the X A GIL The address adder 

carry reverse signal (see Figure 63) is asserted when: 

1. XWB (W register selection) in the XMOD register is any value other 
than 1 5 (it is assumed that nobody will ever want to hit reverse 
address the stack) and 

2. the BREN bit is set in the XB REV register and 

3. the addressing mode is register in direct with post-increment. 
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[03751 XB<14:0> is the bit reversed address modifier which is typically a constant. 

indirectl y representing the size of the FFT data buffer. The XB values required to provide 
the correct bit reversal 'pivot' points for various size buffers are shown in Table 182. All 
bit reversed EA calculations assume word size data (LS-bit of every EA is always clear). 
The XB value is scaled accordingly to generate compatible (byte) addresses. 



TABLE 182 - Address Modifier Values 



Buffer Size 



12-bit Bit Reversed Address Modifier 



32768 

16384 

8192 

4096 

2048 

1024 

512 

256 

128 

§4 

22 

16 

8 

4 

2 



0x4000 
0x2000 
QxlQ_QQ 
0x0800 
0x0400 
0x0200 
0x0100 
QxQMQ 
0x0040 
0x0020 
0x0010 
0x0008 
0x0004 
0x0002 
0x0001 



(XBJ 



XB Scaled for Word Sized Data 



QxJMQ 
0x4000 
0x2000 
0x1000 
OxQSQQ 
0x0400 
0x0200 
0x0100 
0x0080 
0x0040 
QXQQ2Q 
0x0010 
teQQOJ 
0x0004 
QxQfiOJ 



I03761 As can be seen from Figure 68. requiring that both the address modifier 

(constant! and the address in the W pointer are always in hit reversed format simplifies the 
hardware. Adding two bit reversed values though the adder with carry reversed enabled, 
will produce the correct hit reversed result. When enabled, bit reversed addressing will 
only he executed with register indirect with post increment addressing and word sized data. 
It will not function for all other addressing modes or byte sized data (normal addresses will 
be generated). When bit reversed addressing is active, the W address pointer will always 
be added to the address modifier (XB) and the offset associated with the register indirect 
addressing mode will he ig no red. In addition, as word sized data is a requirement, the LS- 
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hit of the EA is ignored (and always clear! An example word swap usinp; bit reversed 



addressing is: 

MOV TW91 , wo 
MOV TW81 . TW91 + 
MOV WO, FW81 + 



See in particular Figures 69 and 70. 



TABLE 183 XBREV. X AGU Bit Reversal add ressing Co ntrol Regist er fxxxx h ) 



Upper Halt 
R/W-0 
BEEN 
hitl5 

Lower Half: 
R/W-0 
XBI 
bit 7 



15 



1A=Ql 



R/W-0 
XB14 



R/W-0 
XBS 



R/W-0 
XB12 



R/W-0 
XB5 



R/W-0 
XBH 



R/W-0 
XBA 



R/W-0 
XBH 



R/W-0 
XB2 



R/W-0 
XB10 



R/W-0 
XB2 



R/W-0 
XBS 



R/W-0 
XBI 



BREN: Bit Reversed Addressing PC AG U) Enable 
1 = Bit Reversed Addressing enabled 
0 = Bit Reversed Addressing disabled 
XB<14:0>: X AGU hit reve rsed Modifier 

e.g. XB<14:0> = 0x0080: m odifier for a 128 point radix-2 FFT 



Legend 

R = Readable bit 
-n = Value at POR 



W= WritableJui 
1 = bit is set 



R/W-0 

XB& 

bill 

R/W-0 

XBQ 

hiLQ. 



U = Unimplemented bit rea<Las_^H 

0 = bit is cleared x = bit is unknown 



[03771 Many app lications require significant amounts of fixed data (e.g. MELP) 

which can only be held in non-volatile memory. This data can also exceed the 32K word 
limit of data space memory. Consequently this d ata will hav e to reside in on-ch ip program 



FLASH. ROM or in external program space. In order to accommodate this requirement 



two addressing options are provided. 



1. The table instructions allows dir ect movement of word and byte data 
respectively between program and data space without passing 
through an intermediate register* 

2. The upper part of data space may be conf igured to map into a 16K 
m>rd segment of program space. 



HOU0 1 :867605HOU02: 10 0 6 933. 1JM2IM 



- 253 - 



Client Refere nce No. MTI- 2095.IJS.0 Patent 

[03781 The operation of th ese addressin g options is discussed elsewhere in this 

s pecification. The following sections rev isit the table instr uctions, in particular the 
addressing modes supported. 

Table Instruction Operation 
[03791 There are four table' instructions as shown in Table 184 that operate with 

Mode 2 addressing modes for both operand source and destination. They operate in a 
manner similar to that for data space access except that the EA for program space (source 
or destination) is concatenated with a 8-bit page register, TABPAG<7;0> to create a 24-bit 
address. All table instructions treat the program memory as 16-bit wide, byte addressable 
(i.e. same as data space). Program space EA[24:11 forms the 24-bjt program memory 
address and the EA101 becomes a byte select bit. The TBLRDL and TBLWTL instructions 
are dedicated to accessing the LS program word, 

r03801 The program word is viewed as a 32-bit entity which consists of a 24-bit 

program word plus an 8-bit phantom' byte (MS-byte). This allows TBLRDH and 
TBLWTH instructions (which are dedicated to accessing the MS program word) to 
maintain orthogonality with TBLRD L and TBLWTL. For T BLRDH an d TBLWTH 
instructions. EAfOl remains a byte select bit but ph ysical me mory is only present in the LS_ 
hvte (EAfOI =0V A hvte rea d of the MS- hvte rEAfOl^ will return 0x00. 
Table Read Operation 

[03811 The program memory is alwavs read as 24-bit long words, The LS-bit of the 

EA is used b v the TBLRDL and TB LWTL fif req uired^ to se lect required bvte of the LS 
program word. Table 184 indicates which instruction and data width will access the 
yarious parts of the program word. 



HOU01 :867605HOU02:44Q69^1M2IM. 



- 254 - 



Client Reference No. MTI-2095.IJS.0 



Patent 



TABLE 134 Table Instruction Summary 



Instruction 



TBLRDH.w 1 

TBLRDH.b 

TBLRDH.b 1 

TBLRDLw 

TBLRDL.b 

TBLRDL.b 



EAroi 

X 

Q 
1 
x 
0 
1 



Source 
[EAsrc]<31:16> 
[EAsrc1<16:23> 
[EAsrc]<31:24> 
[EAsrc]<15:0> 
[EAsrc]<7:0> 
[EAsrc]<15:8> 



Program Space 



Data Move Function 



Destination 
fEAdst1<15:0> 
fEAdst1<7:0> 
rEAdstK7:0> 
rEAdst1<15:0> 
rEAdstK7:0> 
fEAdst1<7:0> 



MS-byte read will return QxOQ 



[03821 TBLRDH.w reads a data word from [EAsrc]<31:16>, though 

[EAsrcl<31:24> will equal 0x00. TBLRDH.b reads a data b vte from [E AsrcK31:24> 
(always equal to 0x00> or iEAsrcl<16:23> based on the state of EA[0], The data byte is 
transferred into destination EA17:01. 

M3831 TBLRDL.w reads a data word from fEAsrcl<15:0>. TBLRDL.b reads a 

data bvte from [EAsrcK15:0> or [EAsrcl<7:0> based on the st ate of EAtOl. The data bvte 
is transferred into destination EA[7:01 ± 

[03841 For most applications, it is assumed that only the LS word of the program 

word will be used for data storage. The MS byte of the program word would then typically 
contain an illegal instruction trap to prevent the machine from ever inadyertently 
attempting to execute data. However, TBLRDH is provided to allow the use of all program 
memory for data storage if desired. 
Table Writes 

Mode 2 Addressing for Prog ram Space 
[0385] Mode 2 determines the addressing mode for the operand source/de stination 

in program space or the operand source/destin ation fro m data spa ce, depe nding upon 
instruction requirements. It follows the same definition for each encoding as Mode 1 
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exce pt that it applies to only one op eran d. The Mo de 1 sign ed 5-bit constant value mode 
makes litt le sense where Mode 2 is used, a nd is ther efore not supported. 
[03861 In summa ry. Mode 2 for pr ogram space data accesses s upports the 

addressing mode shown in Table 185. M ode 2 Su bmode 0 is meaningl ess for TBLRD 
source and TBLWT destination operands as the pr ogram memory must be addressed with 
a pointer. The following addressing mode descri ptions are for table read operations. 
TABLE 185 - Mode 2 Addressing Mod e Definition (Program Spaced 



Mode 2 



Bit Encoding 



Function 



QQQ 
001 
010 
011 
100 
101 
110 
111 



EA = Wsrc 1 
EA = rWsrcl 
EA = rWsrd-= 1 
EA = rWsrd+= 1 
EA = fWsrc-=1] 
EA= rWsrc+=1l 
Unused 
Unused 



Function 

(Destination) 
EA = Wdst 2 

EA = rwdsti 

EA = rWdstl-= 1 
EA = rWdst]+= 1 
EA = rWdst-=11 

EA = rwdst+=n 

Unused 

Unused 



Description 

Register direct 
Register indirect 

Register indirect post-decremented 
Register indirect post-incremented 
Register indirect pre-decremented 
Register indirect pre-incremeated 



Note, this is not meaningful for TBLRP or TBLWT instructions 

Mode 2, Register Direct 
[0387] Addressing Mode 2, Submode 0 is register direct The implied effective 

address is the memory mapped address of register Wdst The table read result is written to 
Wdst as s hown in Figure 7L Wdst is accessed through addressing its memory mapped 
image. Note that register direct for the o perand source of a table read, and the operand 
destination for a table write has no meaning. The X AGU would generate an EA which 
would address the memory mapped version of Wsrc or Wdst. When concatenat ed with the 
TABPAG register, this address will be th e same but within a program space page. 
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Mode 2, R egister Indirect 
[03881 Addressing Mode 2. Submode 1 is register indirect. The effective address 

contained in register Wsrc points to the operand as shown in Figure 72. or Wdst points to 
the result destination as shown in Figure 73. For table read instructions, TABPAG<7:0> is 
concatenat ed onto t he source EA to form the 24-bit program space EA. 

Mode 2. Register Indirect with Post Decrement 
[0389] Addressing Mode 2, Submode 2 is register indirect with post decrement. The 

effective address contained in register Wsrc points to the operand, or the effective address 
contained in register Wdst points to the result destination. Wsrc or Wdst is then post 
decremented as shown in Figure 74 and Figure 75. 

Mode 2, Register Indirect with Post Increment 
[03901 Addressing Mode 2, Submode 3 is register indirect with post increment The 

effective address contained in register Wsrc points to the source operand, or the effective 
address contained in register Wdst points to the result destination, Wsrc or Wdst are then 
incremented as shown in Figure 76 and Figure 77, 

Mode 2, Register Indirect with Pre Decrement 
[03911 Addressing Mode 2. Submode 4 is register indirect with ore decrement. 

Register Wsrc or Wdst is decremented to form the effective address which points to the 
operand as shown in Figure 78 and Figu re 79, 

Mode 2, Register Indirect with Pre Increment 
[03921 Addressing Mode 2- Submode 5 is register indirect with pre increment 

Register Wsrc or Wdst is incremented to form the effective address which points to the 
operand a s shown in Figure 80 and Figure 81. 
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103931 Figure 82 shows a timinp diagram illustrating a XOR. the SIIBR. the SUBR. 

the SUB B. the SUB, the MOVE, the TOR, the AND, the ADDC and the ADD operations. 
Figure 83 shows a timing diagram illustrating a XORIS. the SUBRTS. the SUBLS. the 
SUBBRLS. the SIJBLS. the TORIES, the ANDLS . the ADCCUS and the ADDCI.S 
operations. Figure 84 shows a timing diagram illustrating a COR, the INC2. the DEC2. the 
DEC CO M, the NEG and the NCTM operations. Figure 85 shows a timing diagram 
illustrating a ASR. the LSR. the ZE. the SE. the SI,, the RLC. the RLNC. the RRC and the 
RRNC operation. 

[03941 Figure 86 shows a timing diagram illustrating a CPB and the CP operations. 

Figure 87 shows a timing diagram illustrating a CP1 and the CPO ope rations. Figure 88 
shows a timing diagram illustrating a CPBLS and the CPBLS operations. Figure 8 9 shows 
a timing diagram illustrating a XORLW. the SUBLW. the SUBBBLW. the MOVI/W. the 
MOVL. the IQRUW. the ANDI/W. the ADDI/W and the APDCI/W operations. Figure 90 
shows a timing diagram illustrating a ASRF. the SI/F. the ISRF. the RRNCF. the RRCF. 
the RI NCF. the RLCF. the XORWF. the SUBWS. the SUBBWS. the SUBFW. the 
SUBDFW. t he MOV KW. the MOV, the IORWV. the ANDWF. the ADDWF C and the 
ADDWF operations, 

[0395] Figure 91 shows a timing, diagram illustrating a CPFB. the CPFJU the CPFO 

and the CPF operations. Figure 92 shows a timing diagram illustrating a INCF, the PECF, 
the NEGF. the SETF. t he COMF an d the CUR F operations. Figure 93 s hows a timing 
diagram illustrating a CPFSEO. the FPFSGT. the CPFSI/T and the CPFSNE operations. 
Figure 94 shows a timing diagram illustrating an INCFSNZ. the INCFSA. the DECFSNZ. 
and the DECFSZ operations. 
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f03961 Figure 95 shows a timing diagram illustrating a SWAP operation. Figure 96 

shows a timing diag ram illustrating a STW operation. Figure 97 shows a timing diagram 
illustrating a EXCH operation. Figure 98 shows a timing di agram illustrating a BSW 
o peration. Figure 99 shows a timing diagram illustrating a BTS TW operation. 
[03971 Figure 100 shows a timing diagram illustrating a BCLRF. the BTSTSF. the 

BTSTF. the BTGF and BSETF operations. Figure 101 shows a timing diagram illustrating 
a BSET. the BTG. the BT ST. the BTSTS. and th e BCLR operations. Figure 102 shows a 
timing diagr am illustrating a BTSS. the BTSC. the BTFSC and the BTFSS operations. 
Figure 103 shows a timing diagram illustrating a TBLRPJH and the TBLRPL operations. 
Figure 104 shows a timing diagram illustrating a TBLWTH and the TBLWTL operationSt 
103981 Figure 105 shows a timing diagram illustrating a LPQW operation. Figure 

106 shows a timing diagram illustrating a LDDW operation. Figure 107 shows a timing 
diagram illustrating a STOW operation. Figure 108 shows a timing diagram illustrating a 
STDW opera tion. Figur e 109 shows a timing diagram illustr ating a MULS. the MULStL 
the MULSULS. the MUL IL the MULULS and the MULUS opera tions. Figure 110 shows a 
timing diagram illus trating a MULWF operation. Figure 111 shows a timing diagram 
illustrating an ALL BRANCHES operation. 

103991 Figure 112 shows a timing diagram illustrating a BRAW operation. Figure 

113 shows a timing diagram illustrating a RCALL, and the RCALLW operations. Figure 

114 shows a timing diagram illustrating a CALLW operation. Figure 1 15 shows a timing 
diagram illustrating a CALL operation. Figure 116 shows a timing diag ram illustrating a 
GOTOW operation. Figure 117 shows a timing diagram illustrating a GO TO operation. 
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[0400] Figure 118 shows a timing diagra m illustra ting a LNK operation. Figure IIS 

shows a timing diagram illustrating a ULNK op eration. Figure 120 shows a timing 
diag ram illustrating a DAW operation, Figure 121 shows a t iming diagram illustrating a 
SCRATCH operation . Figure 1 22 shows a timing diagram illustrating a ITCH operation 
Figure 123 shows a timing diagram illustrating a PUSH operation. Figure 124 shows a 
timing diagram illustrating a POP operation. Figure 125 shows a timing diagram 
illustrating a LDW operation. Figure 126 shows a timing diagram illustrating a TRAP 
o peration. Figure 127 shows a timing diagram illustrating a DISI operation. Figure 128 
shows a tim ing diag ram illustrating a LDW operation. Figure 129 shows a timing diagram 
illustrating a DO and the POW operations. 

f 04011 Figure 130 shows a timing diagram illustrating a DO and the DOW 

operations continued. Figure 131 shows a timing diagram illustrating a MAC, the 
CLRAC. the EDAC. the SORAC and the MOVSAC operations. Figure 132 shows a timing 
diagram illustrating a S OR. the ED, the MPY, the MPYN and the MSC oper ations. Figure 
133 shows a timing diag ram illustrati ng a LSRW, the LSRK. the ASRK, the ASRW. the 
SLW and the SLK operations. Figure 134 shows a timing diagram illustrating a ADDAB, 
the NEGAB and the SUBAB operations. Figure 135 shows a timing diagram illustrating an 
ADDAC operation, 

[04021 Figure 136 shows a timing diagram illustrating a LAC operation. Figure 137 

shows a timing diagram illustrating a SAC and the SACR operations. Figure 138 shows a 
timing diagram illustrating a SFTACK and the SFTAC operations. Figure 139 shows a 
timing diagram illustrating a RETURN, the RE and the TF IE operations. Figure 140 
shows a timing diagram illustrating a MSLK. the MSRK, the MSLW and the MSRW 
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operations. Fi gure 141 shows a timing diagram illu strating a FBCL, the FBCR, the FFOL, 
the FFOR, the FFIL and the FF1R operations. Figure 142 shows a timing diagram 
illustrating a RETLW operatio n. Figur e 143 shows a timing diagram illustrating a 
REPEAT and the REPEAT W o perations. Figure 144 shows a timing diagram illustrating 
a REPEAT and the REPEAT W operations continued. 

Architectural Description 
[0403] The foregoing illustrative example utilizes the disclosure provided above for 

various descriptions. The illustrative example of the central processing unit disclosed 
herein is a 16-hit (data) modified Harvard architecture with a greatly enhanced instruction 
set includ ing signi ficant support for digital signal processing (DSP)* The forgoing 
description is better understood with reference to Figures 145-172* Specifically. Figure 145 
shows a block diagram illustrating a CPU Core. Figure 146 shows a block diagram 
illustrating data alignment Figure 147 shows a block diagram illustrating a Data Space 
Memory Map Example* Figure 148 shows a block diagram illustrating a data space for a 
microcontroller and digital signal processor instructions. 

(04041 Figure 149 shows a block diagram illustrating a data space window into the 

program space operation. Figure 150 shows a block diagram illustrating a PS Data Read- 
Through PS operation. Figure 151 shows a block diagram illustrating a PS Data Read- 
Through PS within a REPEAT loon operation. Figure 152 shows a block diagram 
illustrating a data access operation from program space address generation. 
104051 Figure 153 shows a block diagram illustrating an instruction fetch. Figure 

154 shows a block diagram illus trating a program space memory map. F igure 155 shows a 
block diagram illustrating a program data table access. Figure 156 sh ows a block diagram 
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illustrating progra m data tabl e access. Figure 157 shows a block diagram illustra ting HEX 
file comp atibility. F i ffure 158 is a basic core timi ng diagra m. Figure 159 shows a timing 
diag ram illustrating a clock/instruction cvcle. F igure 160 is a flow chart illustrating a 
REPEAT[W1 loop functional flow. Figure 161 shows a block diagram illustrating a 
REPEAT [Wl instruction pipeline Flow. Figure 162 shows a block diagram of a Do Loop 
hardware operation. Figure 163 is timing diagram of a DO loop entry operation. Figure 
164 shows a timing diagram illustrating a DO loop continuation operation. Figure 165 
shows a timing diagram illustrating a DO Continue with Branch to Last Instruction 
operation. Figure 166 shows a timing diagram illustrating a DO loop EXIT operation. 
Figure 167 is a flow chart illustrating a DO and REPEAT operation. 
104061 Figure 168 shows a block diagram illustrating an Uninitialized W Register 

Trap operation. Figure 169 shows a block diagram illustrating a Stack Pointer Overflow & 
Underflow Trap operation. Figure 170 shows a timing diagram illustrating a Stack Timing 
of a PC PUSH CALL operation. Figure 171 shows a timing diagram illustrating a Stack 
Timing of a PC POP RETURN operation. Figure 172 shows a block diagram illustrating a 
CALL stack frame. 

Core Overview 

104071 The core has a 24-bit instruction word, with a variable length opcode field. 

The PC is 24-bits wide (with the LS-bit always clear) addressing up to 8M long words (23- 
bits). An 'CIS-like' instruction prefetch mechanism is us ed to hel p maintain throug hput. 
Deeper levels of pipelining have been intentionally avoided to maintain good real-time 
performance. Unco nditiona l overhead free program loop constructs are sup ported using 
the DO an d REPEA T instructions, both of which are interruptable at any point. 
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[04081 The working register array has been extended to 16 x 16-bit registers, each of 

which can act as dat a T address or offset registers. One working register fWlS^ operates as 
a software stack for interrupts and calls. 

[0409] The data space is 32K words of word or byte addressable space which is split 

into two blocks referred to as X and Y data memory. Each block has its own independent 
Address Generation Unit (AGIJ). Most instructions operate solely through the X memory 
AGU which will make it appear as one linear space encompassing all data space, The 
MAC class of DSP instructions will operate through both the X and Y AGUs, splitting the 
data address space into two parts. The X and Y data space boundary is arbitrary and 
defined through the address decode of each memory array. See Figure 63, Figure 64 and 
accompanying description. 

[0410] The upper 32K bytes of data space memory can optionally be mapped into 

the lower half (user space) of program space at any 16K program word boundary defined 

by the 8-hit Data Space Program FAGe (PSPPAG) register. This lets any instruction to 

access program space as if it were data space (other than the additional access cycle it 

consumes) plus allows external RAM hooked onto the external program space to be 

mapped into data space, effectively providing an external data space bus. 

[04111 Overhead free circular buffers (modulo addressing) are supported in both X 

and Y address spaces. They are intended to remove the loop overhead for DSP algorithms 

but X modulo addressing can be univers ally a pplied using any instructions. 

[0412] The X AGU also supports bit reverse addressing to greatly simplify input or 

output data reorderi ng for rad ix-2 FFT algorithms. 
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[04131 The core s upports i nherent (no operand), relative, literal, memory direct and 

four grou ps of address ing modes (MODE 1. MODE 2. MODE 3 and MODE 4) for register 
direct and register indirect modes. Each flroup offers up to six addressing modes. 
Instructions are associated with predefined addressing modes depending upon their 
functional requirements. 

[04141 For most instructions, the core is capable of executing a data (or program 

data> memory read, a working register (data) read, a data memory write and a program 
(instruction) memory read per instruction cycle. As a result three operand instructions 
can be supported, allowing A+B=C operations to he executed in a single cycle. 
[04151 A DSP engine has been included to significantly enhance the core arithmetic 

capability and throughput. It features a high speed 16-bit by 16-bit multiplier, a 40-bit 
ALU, two 40-hit saturating accumulators and a 40-bit bidirectional barrel shifter. The 
barrel shifter is capable of shifting a 40-bit value up to 15 bits right or up to 16-bits left in a 
single cycle. The DSP instructions operate seamlessly with all other instructions and have 
been designed for o ptimal real-time performance, The MAC class of instructions can 
concurrently fetch two data operands from memory while multiplying two W registers. 
This requires that the data space be split for these instructions and linear for all others^ 
This is achieved in a transparent and flexible manner through dedicating certain working 
registers to each address sp ac e for the MAC class o f instructions. 

[04161 The core features a vectored exception scheme with 15 individually 

prioritized vectors. The exce ptions consist of reset seven traps and e ight inter rupts. One 
interrupt level mav he selecte d (typically the high est one) to execute as a fast ( 1 cy cle entry T 
1 cycle exit) interrup t. This function is actually an extension of the logic required to allow a 
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REPEAT instruction loop to be interrupte d which can significan tly reduce latency in SOine 
applicatio n. A block diagram of the core is shown i n Figure 145. 

Compiler Driven Enhancements 
[04171 In addition to PSP performance requirements, the core architecture was 

strongly influenced bv recommendations which would lead to a more efficient (code size 
and speed) C compiler, 

104181 For most instructions, the core is capable of executing a data (or program 

data^ memory read, a working register (data) read, a data memory write and a program 
(instruction^ memory read per instruction cycle. As a result three operand instructions 
can be supported, allowing A+B=C operations to be executed in a single cvcle. Instruction 
addressing modes are significantly more flexible than those of other processors, and are 
matched closely to compiler needs, The working register arrav has been extended to 16 x 
16-bit registers, each of which can act as data, address or offset register One working 
register (W15) operates as a software stack for interrupts and calls. 
[04191 Linear indirect access of all data space is possible, plus the memory direct 

address range has been extended to SKbytes (256bytes in C18>. This together with the 
addition of 16-bit direct address LOAD and STORE instructions has allowed the C18 data 
space memory banking scheme to be eliminated. Linear indirect access of 32K word (64K 
bvte^ pages within program space (user and test space) is possible using any w orking 
register yia new table read and write instructions. Part of data space can be mapped into 
program s pace, allo wing constant data to he accessed as if it were in data space. 
Instruction Fetch Mechanism 
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[04201 The core does not support an instruction pipeline, A pre-fetch jng mechanism 

accesses instruction a cvcle ah ead to maximize available execution time. Most instructions 
execute in a single c ycle. Exceptions are: 

1. Flow control instru ctions a nd interrupts where the ISR (instruction 
register) and pre-fetch buffer must be flushed and refilleiL 

2. Instructions where one operand is to be fetched from program space 
(usinp ; a ny method). These operations consume 2 cycles (with the 
notable exception of the MAC class of DSP instructions executed 
within a REPEAT l oo p which executes in 1 cycle). 

[0421] Most instructions access data as required dur ing instr uction execution. 

Instructions which utilize the multiplier array must have data available at the beginning of 

the instruction cycle. Consequently, this data must be prefetched, usually by the preceding 

instruction, resulting in a simple out of order data processing model. 

Data Address Space 

[04221 The core features one program space and two data spaceSt The data sp aces 

can be considered ei ther se parately (for some DSP instructions) or together as one linear 
address range (for MCU instructions). The data spaces are accessed using two Address 
Generation Units (AGUs) and separate data paths. 
Data Spaces 

[04231 The X AGU is used by all instructions and supports all addr essing modes. It 

also supports modulo and bit reversed addressing for any instructions subject to 
addressing mode restrictions (see [See Modulo and Bit Reversed Addressing Controller]). 
The X data path is the return data path for all single data space access instructions 
104241 The Y AGU and data pa th are used in concert with the X AGU bv the MAC 

class of instructions to provide two concurrent data read paths. No writes occur across the 
Y-buSt This class of instructio ns dedicate two W register poin ters T W6 and W7 T to always 
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operate t hrough the Y AGU and address Y data space independently from X data space. 
Note that during accumulator write-hac k T the dat a address space is considered combined X 
and Y, so the write will occur across the X-hus. Consequently, it can be to any address 
irrespective of where the EA is directedt 

[04251 The Y AGU only supports MOPE 4 post modification addressing modes 

associated with the MAC class of instructions. It also supports modulo addressing for 
automated circular buffers. Of course, all other instructions can access the Y data address 
space through the X AGU when it is regarded as part of the composite linear space. 
[04261 The boundary between the X and Y data spaces is arbitrary and is defined 

by the memory address decode only (the CPU has no knowledge of the physical location of 
X or Y memory). The boundary is not user programmable but may change from variant to 
variant. Obviously, to present a linear data space to the MCU instructions, the address 
spaces of X and Y data spaces must be contiguous but this is not an architectural necessity. 
Note that any memory located between 0x8000 and OxFFFF will not be accessible when 
program space visi bilit y is enabled for this address space. It should be noted that as 
address space 0x8000 to OxFFFF can map to a single memory in program space, it may 
need to he assigned to either X or Y space (but not both since concurrent accesses from the 
same space are not possible). 

[04271 All (effective addresses) are 16-bits wide and point to bytes within the data 

space to facilitate backward compatibility with previous processors- Consequently, the 
data space address range is 64K bvtes or 32K words. 
Data S pace Width 
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[04281 The core data width is 16-bits. All interna l registers and data space memory 

are organized as 16-hits wide (some CPU reg isters are not 16-bltS wide, see Figure 5). Data 
space memory is organized in bvte addressable, 16-hit wide blocks. Byte addressability 
requires independent bvte writ e signals for upper and lower bytes, 
Data Alignment 

F04291 To help maintain backward compatibility and improve data space memory 

usage efficiencv T the ISA supports both word and byte operations. Referring to Figure 146. 
data is aligned in data memory and registers as words, but all data space EAs resolve to 
hvtes. Data byte reads will read the complete word which contains the byte, using the LS- 
hit of any EA to determine which byte to select. The selected byte is place onto the LS-byte 
of the X data path (no byte accesses are possible from the Y data path as the MAC class of 
instruction can only fetch words). That is, data memory and registers are organized as two 
parallel byte wide entities with shared (word) address decode hut separate write lines. 
Data byte writes will only write to the corresponding side of the array or register which 
matches the byte address. For word accesses, the LS-bit of the EA is ignored. 
[04301 Byte reads will always read the entire word, so mechanisms to clear or set 

peripheral status bits when read (etg. quick flag clearing mechanisms) are not allowed. As 
a consequence of this byte accessibility, all effective address c alculations (includi ng those 
generated by the DSP operations which are restricted to word size) must be scaled to step 
through w ord aligned memor y. For example, the core must recognize that post modified 
register indirect addressing mode, [Ws]+=1 1 will result in a value of Ws+1 for byte 
operations and Ws+2 for wor d operations. 
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[0431] All word accesses m ust he aligned (to an even address^ Mis-alig ned word 

data fetc hes are not supported so care m ust there fore be taken when mixing bvte and word 
operations or translating from CI 8 code. Should a mis-aligned read or write be attempted, 
an address fault trap will forced. D e pending upon where the fault occurred in the 
instruction cycle, the Q1/Q2 access (typically a read) and/or the Q3/Q4 access (typically a 
writer for the instruction underway will be inhibited, and the PC will not be incremented. 
The trap will then be taken T allowing the system and/or user to examine the machine state 
prior to execution of the address fault. 

f04321 All byte loads into anv W register are loaded into the LS-bvte. The MS-byte 

is not modified. It should be noted that byte operations use the 16-bit ALU and can 
produce results in excess of 8-bits, However, to maintain C18 backwards compatibility, the 
ALU result from all bvte operations is written back as a byte (i.e. MS bvte not modified^, 
and the status register is updated based only upon the state of the LS-bvte of the result. 
F04331 A sign extend (SE^ instruction is provided to allow users to translate 8-bit 

signed data to 16-bit signed values. Alternatively, for 16-bit unsigned data, users can clear 
the MS-byte of any W register though executing a CLR.b instruction on the appropriate 
address. 

f04341 Although most instructions are capable of operating on word or byte data 

sizes, it should be noted that the PSP and some other new instructions operate on words 
only. 

Data Space Memory Map 
[04351 The data space memory is split into two blocks, X and Y d ata space. A key 

element of this architecture is that Y sp ace is a subset of X space, and is fullv contained 
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within X space. In order to provide an apparent linear addressing space. X and Y space 
would typically have contiguous addresses (though this is not an architectural necessity 
[04361 When exec uting any instruction other than a MAC class one, the X block 

consists of the entire 64Khvte data address space (including all Y ad dresses). When 
executing a MAC class of instr uction, th e X Mock consists of the entire 64Kbvte data 
address space less the Y address block for data reads (only). In other words, the full 
address space is available to all instructions other than the MAC class. During Q1/Q2 data 
reads, the MAC class of instructions extracts the Y address space from data space and 
addresses it using EA's sourced from W6 and W7. The remaining data space is referred to 
as X space but could more accurately be described as "X-Y" space, and is concurrently 
addressed using W4 and W5 during the same Q1/Q2 data read portion of the cycle. Both 
"X-Y" and Y address spaces are concurrently accessed only by the MAC class of 
instruction. 

[0437] Note that it is the register number (and instruction class) that determine 

which address space is accessed for data reads and not the EA, Consequently, t he data 
space par titionin g of Y address space is arbitrary. In all cases, should an EA point to 
unoccupied space, all zeros will be returned. For example, although Y address space is 
visible by all non-MAC class instructions using any address ing mode , an attempt by a 
MAC instruction to fetch data from that space using W4 or W5 (X space pointers) will 
return 0x0000. 

[04381 An example data space memory ma p is shown in Figure 147, Note again that 

the partition between each address space is arbitrary and determine d by the m emory 
decode. Both X and Y address generation units (AGUs) can generate any effective address 
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(KA ) with in a 64Khyte range , however. EAs outsid e the physical memory provi ded will 
return all zeros. 

[04391 An 8Kbyte access space is reserved in X address memory space between 

OxflOOO and OxlFFF which is directly addressable via a 13-bit absolute address field within 
all memorv direct instructions. The remaining X address space and all of the Y address 
s pace is addressable indirectly. The whole of X data space is additionally addressable using 
I DW and STW instructions which support memory direct addressing with a 16-bit 
address field. 

Program Space Visibility from Data Space 
[0440] The upper 32Kbvtes of data space mav optionally be mapped into any 

16Kword program space page. This provides transparent access of stored constant data 
from X data space without the need to use special instructions (i t e t TBLRP, TBLWT 
instructions). Granularity of program space window mav change, subject to conclusions of 
code security analysis, 

[04411 This feature also allows the user to man the upper half of data space into an 

unused area of program memory and thus to the external bus (all unused internal 
addresses will be mapped externally). Through the placement of an external RAM at this 
address, external da ta s pace support is also provided. Data read and writes must therefore 
be supported to this address space. Note that the external address map is now essentially 
no longer strictly Harvard as program and data memory are combined* 
[0442] Program s pace acce ss through the data space occurs if the MS-bit of the data 

space EA is set and pro gram space visibility is enabled by setting the PSV bit in the Core 
Control regi ster f"CORCON»l Most of the COR CON functi on relate to D SP operation. 
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Depending upon FLASH setu p and access time, the instruction may need to he at least 
partially pre-decode d during Q4 of the Prior instruction. Even so. this will remain a 
critical path, as the source EA cannot he evaluated until the data write completes in the 
prior instruction. 

[Q4431 Data acces ses to this area will add an addition cycle to the instruction being 

executed since two program memory fetches will be req Hired. The data is fetched in the 
first cvcle. which, other than for some instruction decode, is essentially a NOPt The next 
instruction is prefetched in the second cycle while the current instruction completes 
execution Que, normal operation) as shown in Figure 150. 

[04441 Furthermore, instructions executing from internal program memory but 

accessing external data memory RAM will sustain additional delay due to wait state 
insertion. Read-modify-write operations will sustain twice the delay. The External Bus 
Interface (EBI) definition is not complete at this time, however, it is expected that the 
device will be required to insert an even number of 0 clocks into the instruction cycle 
between 02 and 03, and between 04 and 01 (of the next cycle) for external data space 
accesses, 

[04451 Although not an architectural necessity, a typ ical data space configuration 

would define Y data s pace to be outside this re-mappable area, making the visible program 
space map to X data space, Y data sp a ce will typically contain state (variable) data for 
DSP operations, and must therefore be RAM. X data space will typically contain 
coefficient (constant) data which could he NVM or in itialized RAM. 

104461 Although each tran sparent data space address will map directly into a 

program address (se e Figure 1 52), only t he lower 16-bits of the 24-bit program word are 
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used to contain the datat The upper 8-hits should be programmed to force an illegal 
instruction or softw are trap to maintain machine robustness. 

[0447] For external accesses, data space would only req u ire a 16-bit data path, with 

the tra p instruction being automatically concatenated onto any 16-hit data reads. 
[04481 The data space address is mapped into program memory as shown in Figure 

152, Note that, bv incrementing the PC bv 2 for each program memory word, the LS 14 
bits (15 bits for the TBLRD, TBLWT instructions) of data and program space addresses 
directly translate. The remaining bits are provided bv the Data Space Program PAGe 
register. DSPPAG<7:0> as shown in Figure 152. 

Data Pre-Fetch from Program Space w ithin a REPEAT loop 
[Q4491 When prefetching data resident in program space via the data space window 

from within a REPEAT loop, all iterations of the repeated instruction will reload the 
instruction from the Instruction Latch without re-fetching it, thereby releasing the 
program bus for a data prefetch as shown in Figure 151. In this example, the initial 2 data 
words for the first iteration of the instruction to be repeated (MACA) are fetched by a 
CLRACA instruction. As one of the words resides in program space, an additional cvcle is 
required. The initial fetch of the MACA instruction is performed by the REPEAT 
instruction. 

[04501 It is important to note that only the MAC class of instructions, which operate 

with prefe tched dat a, will operate in this manner. All other instruction s (e.g. MOV> which 
require d ata to be read by the end of Q2 will require the additional cycle in order to 
complete the data read prior t o execution of the instruction d urin g the second cyck* 
Program Addre ss Space 



HOU01:867605HOU02: 1006933.1 1M21M. 



-273- 



Client Reference No. MTI- 2095.I JS.O Patent 

104511 The program address space is 8M long words. It is addressable hy a 24-bit 

value from either the PC, table instruction EA or d ata space EA when program space is 
mapped into data space as defined by Table 186. Note that the program space address is 
incremented hy two between successive program words in order to provide compatibility 
with data space addressing. Consequently, the LS-bit of the program space address is 
always 0. resulting in 23-bits fSIVH of address, Program space data accesses use the LS-bit 
of the program space address as a byte select (same as data spaced Memory mapped or 
Stacked PC ma y need to include the zero LS-bit. 

[04521 The address space is split into two 4M long word spaces, one for user space 

the other for test and vector memory space as shown in Figure 154. When in user mode, 
program space access is restricted to the lower 4M long word space. 0x000000 to 
0x7FFFFE for all accesses other than TBLRD/ TBLWT which use TABPAG171 to 
determine user or test space access. Exception vectors also reside in test space. While in 
user mode, the PC is inhibited from rolling over' into test space (i.e. PCf231 is always 
clear). 
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TABLE 186 - Program Space A ddress Construction 



Access Type 


Access 
Sgace 


Program Space Address 
1231 122^161 M5] f14:11 




Instruction Access 


User 


0 PCr23:1l 


0 


Instruction Access 


lest 


1 PCr23:1l 


Q 


TBLRD/TBLWT 


User/Test 


TABPAGf7:0] Data EA M5:01 




DS Window into PS 


User 


0 DSPPAG[7:0l Data EA [14:0] 




DS Window into PS 


Iesi 


Not allowed 





[04531 The program memory width is 24-bits Hong wordV To support data storage 

and FLASH programming, the array must support both word wide access from bits 0-15 
and byte wide access from bits 16-23. An instruction fetch exa m ple is shown in Figure 153, 
Note that incrementing PCI23:11 by one is equivalent to adding 2 to P Cf23:01. This 
architecture (internally) fetches 24-bit wide program memory. Consequently, instructions 
are always aligned. However, as the ar chitecture is modified Harvard, data can also be 
present in program space. 

[04541 There are two methods by which program space can be accessed - via special 

TABLE instructions or through the rem appin g of a 16Kword program space page into the 
upper half of data space (see Figure 154). The TBLRDL and TBLWTL instructions offers 
a direct method of reading or writing the LS word of any address within program space 
without go ing throu gh data space which is preferable for some applications. The TBLRDH 
and TBLWTH instructions are the only method whereby the upper 8-bits of a program 
word can be accessed as data. Figure 152 shows how the EA is created for table operations. 
Table instructions 

[0455] A set of TABLE instructions are provided to move bvte or word sized data to 

and from program space. The instructions are orthogonal even thou gh the M S byte will 

always read zeros. See dsPIC Instructio n Set DOS for more details. 

1. TBLRDL: Table read low 

Word: Read the LS word of the program address 
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Pri5:01 maps to Dri5:01 

Byte: Read one of the LS bytes of the program address 
PR: 01 maps to DT7:01 when byte select=0 ; 
Pfl5:81 maps to DT7:01 when byte select=l 

2. TBLWRL : Table write low 
See Program Memory DOS-00204 

3. TBLRDH: Table read high 

Word: Read the MS word of the program address 

PT23:161 maps to Dr7:01; Dri5:81 always = 0 

Byte: Read one of the MS bytes of the program address 

PT23:161 maps to DT7:01 when byte select=0 ; 

DT7:01 will always = 0 when byte select=l 

4. TBLWRH: Table write high 
See Program Memory DOS-00204 

Where; 

P = program space long word; and 
D = data space word. 

[0456] The PC is incremented by two for each successive 24-bit program wordt This 

allows program memory addresses to directly map to data space addresses as shown in 
Figure 155, Program memory can thus be regarded as two 16-bit word wide address 
spaces residing side bv side, each with the same address range. TBLRPL and TBLWTL 
access the space which generates the LS data word, and TB LRDH a nd TBLWTH access 
the space which generates the MS data byte. As program memory is only 24-bits wide, the 
upper bvte from this latter space does not exist, though it is addressable. It is therefore 
termed the phantom' byte. 

[0457] For all the table instructions, the calculated EA (using MOPE 2 addressing 

modes) is concatenated with the 8-bit data table p age regis ter, TABPAG<7;0>, to form a 
23-bit effective programs space address plus a byte select for program memory as shown in 
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Fi gure 152. As there are 15-bits of program space address from the calculated EA. the 
data table page size in program memory is therefore 3 2K words. 

[0458] The LS-hit of the calculated EA becomes the bvte select and is used by 

TBLRDL a nd TBLWRL (see Program Memory DOS-002Q4> to select w hich bvte is 
accessed. The TBLRDL and TBLWRL instructions therefore view program space as byte 
or aligne d word addressable, 16-bit wid e. 64K bv te pages (i.e> same as data space). EAFQ1 
is ignored for word wide accesses* 

[04591 The TBLRDH and TBLWRH instructions are used to access the high order 

bvte of the program address. These instructions also support word or bvte access for 
orthogonality but the high order byte of the program address can only be read from the LS 
byte as shown in Figure 156. The MS-byte of a TBLRDH word read will always be clear. 
These instructions therefore also view program space as byte or aligned word addressable, 
16-bit wide, 64K byte pages (i.e. same as data spaced as shown in Figure 156. 
[0460] It is assu med that for most applications that the high byte fP [23:16 ]) will not 

be used for data, making the program memory appear 16-bits wide for data storage. It is 
intended that the high bvte contain a illegal opcode trap to protect the device from 
accidental execution of stored data. The TBLRDH and TBLWRH instructions are 
primarily provided for array program/verification purposes and for those applications who 
wish to compress data storage, 

HEX Data File Compatibility 
[0461] The program space data access described above can be made compatible 

with HEX format data files by regarding the program memor y as 32-bits wide. I nserting 
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the ^phan tom 1 bvte as shown in Figure 157 allows the HEX format byte address to be 
directly used as the TBLWTL.w and TB LWTHf.h^ EA after a single bit right shift. 
HEX File compatibility 

External Bus Support 

[04621 As discussed herein, p rogram space is 24-bitS wide which wil l require either 

a mix of external FLASH devices to provide all 24-bits in one bus cycle, or several cycles to 
fetch the 24-bit word in either 8-hit or 16-bit sections. The External Bus Interface (EBI) 
module wi ll attem pt to provide the user maximum flexibility in this area. 
104631 Data access is potentially somewhat simpler as the fundamen tal data size is 

16-bits. To permit single (bu s) cycle, 16 -bit wide external memory access, the E BI mav 
optionally be confi gured to read from a 16-bi t externa l bus and then automatically 
concatenate an 8-hit trap field prior to passing the 24-bit oword to the CPU, A 16-bit 
external data bus can therefore he prov ided for d ata storage without comprom ising device 
robustnes s. The unused portion of the external bus data path can also revert back toJZQ* 
Qpcking Scheme 

[0464] Each instruction cvcle f Tcv ) is comprised o f four Q c ycles (01-04), These Q 

clock are derived using simple logic (i.e. there is no requirement to make them non= 
overlappi ng) within the core (and each p eriph eral modu le) from global OA and OB 
quadrature clocks. The quadrature clock s are generated bv t he PLL mo dule. Maintaining 
minimal sk ew betwee n OA and OB across t he device will be a critical factor in attainingjhe 
target performance. The four phase Q cy cles provide the timing/d esignation for the 
Decode. Read. Process Data, Write etc., of each in struction cvcle. Fig ure 158 shows the 
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relationship of the O cycles to the inst ruction cvcle for both MCU and DSP instructions. 

The four O cycles th at make up an execution instruction cycle ( 7c.v ) can be generalized asi 

Ql : Instruction Decode Cycle or forced NOP and source EA calculation 

Q2 : Source Data Read Cvcle or NOP 

Q3 : Process the Data and destination EA calculation 

Q4: Destination Data W rite Cvcle or NOP 

[04651 Each instruction will show the detailed O cycle operation for t he instruction. 

Although most instructions follow the scheme aboye, some issue two reads, others two 

writes per cycle. From a O cvcle perspective, the DSP instructions differ from in MCU 

instruction in SO much as the DSP instruction can perform two simultaneous sour ce data 

reads during the Q1/Q2 access from X and Y data space. 

Instruction Cycle Timing 

[0466] Internally, the program address latch is updated at the start of every Q1 T and 

the instruction is fetched from the program memory and latched into the ROMLATCH 

using Q4. The PC is actually adjusted (incremented or loaded) during 04 of the previous 

cycle hut not transferred into the program address latch until the next instruction has 

started. 

104671 The instruction is decoded and executed during the following 01 through 

Q4. The Instruction is decoded during Ql, though some ore-decode of register and 
addressing mode bit fields during the prior 04 may be necessary to speed up execution. 
Care should be taken with any pre-decoding of the instruction to avoid issues fe.g., haying 
to add extra cycles) d uring inte rrupt or call returns. 

104681 There are two, independent data space accesses to (possib ly) two different 

addresses during e ach instruction cycle. During 01 the (remainder) of the instruction 
decode is performe d and the source operand EA is calculated. During Q2, the source 
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operand data is fetch ed from memory or peripher als. The AI/U performs the computation 
durin g Q3 at the same time as the destination EA is also calculated in one of the AGUs. 
During Q4 the results are written to the destination location. 

[0469] The clocks and instruction execution flow are shown in Figure 159. The data 

space buses are addressed twice durin g each ev ele With a read (two reads fo r the DSP 
instructions) followed bv a write. The program space bus is addressed once during each 
cycle. Note that, due to the longer FLASH access time (around 3 versus 1 Oclk for 
RAM/reg isters), program space data reads (table instructions etc.) will present data to the 
execution unit in Q4. Consequently, these instructions are all 2 cycle operations. 

Instruction Flow/Pipelining 
r04701 An "Instruction Cvcle" consists of four O cycles fOl. Q2. Q3. an d Q41 The 

instruction fetch and execute are pipelined such that fetch takes one instruction cycle while 
decode and execute takes another instruction cycle. However, due to this prefetch 
mechanism, each instruction effectively executes in one cycle. 

Instruction Flow Types 
[0471] [0056] There are Mive types of instruction flows summarized b e low with 

r e f e r e nc e to FIGS. 1 A I E. , 

[0057] The first type is a normal on e l. Normal 1 word Oftel cycle pipelined 
instruction. These instructions will take one effective cycle to execute as 
shown by th e illustrative example in FIG. i nJjlgiire 4At-il 

[0058] Th e s e cond typ e is a on e 2*__Qng word twel cycle pipeline flush 
instruction. These instructions include the relative branches, relative call, 
skips and returns. When an instruction changes the PC (other than to 
increment it), the pipelined fetch is discarded. This makes the instruction 
take two effective cycles to execute as shown in HGrEigurg 4&-h* 

[0059] The third type is a table 3. Tahk operation instruction. instructions 
These instructions will suspend the fetching to insert a read or write cycle 
to the program memory. The instruction fetched while executing the table 
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operation is saved for 1 cycle and executed in the cycle immediately after 
the table operation as shown in HG rFigure 4€g. 

["00601 The fourth type is a two 4. Two word instruction instructions for 
CALL and GOTO. In these instructions, the fetch after the instruction 
contains the remainder of the jump or call destination addresses. 
Normally, these instructio n instructions would require three ! cycles to 
execute, twel for fetching the twel instruction words and enel for the 
subsequent pipeline flush. However, by providing a high speed path on 
the second fetch, the PC can be updated with the complete value in the 
first cycle of instruction execution, resulting in a twel cycle instruction as 
shown in RQr Figure 4©d. 

f 006 1] The fifth type is a two 5- Two word instruction instructions for DO 
and DOW. In these instructions, the fetch after the instruction contains an 
address offset. This address offset is added to the first instruction address 
to generate the last loop instruction address. 

Interrupt recognition execution. Instruction cycles during interru pts are shown in the 
interrupts section. 

Program Flow Loop Control 
[0472] The dsPIC core supports both REPEAT and DO instruction constructs to 

provide unconditional automatic program loop control. 

[0473] The REPEAT instruction will cause the instruction immediately following to 

be repeated a fixed number of times as defined by an 14-bit literal encoded in the 
instruction. The REPEATW instruction will cause the instruction immediately following it 
to be repeated a fixed number of times as defined bv the contents of a W register declared 
within the instruction, enabling the loop count to be a variable, The loop count is held in 
the 16-bit RCOUNT register (which is memory mapped) and is thus user accessible. It is 
initialized by the REPEAT [Wl instruction during 02* 

104741 The instruction to be r epeated is prefetched d uring the REPEATIW1 

instruction and held in the ROMLATCHt It is not fetched again for all subsequent 
iterations, and the Instruction Register is loaded from the locked ROMLATCH. 
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[04751 For a loon c ount value eq ual 1. REP EAT fWl has the effect of a NOP Mother 

than RCOUNT being loa ded with IV T he RA (Rep eat ActiveX sta tus bit in the SR is not set 
during exe cution of REPEATfW! and the PC is increm ented as would norm ally be the case 
during Q 4 of an instruction. The repeat loop is essentially disabled before it begins, 
allowing the next instruction to execute only once while p re-fetchi ng the subsequent 
instruction (i.e. normal execution flow). 

[04761 For loop count values greater than 1 T t he PC is no t increm ented as would 

normally be the case during Q4 of an instruction (and will therefore continue to point to 
the instruction to be repeated^ Further PC increm ents are inhibited until the loop ends. 
The RA (Repeat Act iveX statu s bit in the SR is also set durin g execution of REP EATfW]. 
See Figure 160 for a function al flow diagram of the REPEATfW] operation, and Figure 
161 for an instruction pipeline example of a REPEATFW] loop. RA may be a read only bit 
within the SR and might not be modifyable through software. 

[04771 The RCOUNT register is dec remented then tested during each instruction 

iteration. It will equal two at the beginning of the penultimate instruction. The subsequent 
decremen t will make RCOUNT=l, sign ifying the end of the repeat lo op, which causes thg 
RA bit in the SR to be cleared, In addition, the PC increment inhibit is released and the 
PC bum ps in 04 of this instruction to point to the instruction after the repeated 
instruction. The las t instructi on to be repeated is then exec uted as a normal ins truction 
(i.e. inclu des an instruction prefetch & PC bump)t Testing for the end of loop du ring the 
penultimate instructi on is req uired to allow a normal instruction prefetch to occur during 
the last iteration (i.e. no delays due to end of loop 1 tests). 
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[04781 A consequence of executing the last instruction outsi de the rep eat loop is that 

the loop will effectively iterate [loop cou nt +11 times (i.e. a loop count of 0 is not possible). 
Choosing the loop termination count valu e to equal one enables the loop count and number 
of iteration to match for all but RCQUNT equal to zero. For a loop count value of 0. 
REPEAT wi ll iterate the next instruction 16384 times and REPEATW will iterate the next 
instruction 65536 times 

104791 The combined instruction flow diagram for REPE AT [Wl and DQ1W1 is 

shown in Figure 167. 

[04801 A REPEAT instruction loop may be interrupted at any time. As is the case 

for all instructions, the PC update is arranged such that it will not be incremented during 
the instruction when an exception is acknowledged. For a repeated instruction, the PC 
update is already inhibited (bx the RA bit) which ensures that upon return, the RETFIE 
instruction will correctly prefetch said instruction (i.e. the stacked PC will point to the 
instruction to be repeated). 

[04811 Exception processing proceeds as normal except for a fast interrupt 

acknowledgment where the contents of the Instruction Latch are transferred into a temp 
register (IR Temp). This occurs irrespective of the state of the RA bit and is not related to 
the REPEAT operation. Standard exception processing completes and the ISR is executed 
as normal in either case. 

104821 Note that, in order to interrupt a REPEAT in progress, the LS-b vte of the SR 

(SRL, which includes the RA bit) is stacked during exception processing. This preserves 
the state of the RA b it prior to interruption. The RA hit in the SR is then cleared, also 
during exception processing. In additio n, the RCQUNT reg ister has a shadow register 
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associated with it which is loaded during e xception pro cessing (anv exception, not iust for a 
fast inter rupt). This, in conjunction with the pres ervation of the RA bit (SRL Stacked), 
permits an other RE PEAT instruction to h e execute d within th e initial interrupt service 
routine (i.e. anv ISR provided interrupt nesting is not enabled). 

[04831 Should interrupt nesting be enabled, subsequent interrupts m ust stack the 

RCOUNT re gister before another REPEAT loop mav he exe cuted from w ithin the ISR. If 
RCOUNT is stacked, the RA preservation feature will also o perate for all subsequent 
nested interrupts. Note that RCOUNT must be restored prior to returning from t he ISR. 
The RA bit is restored automatically dur ing inter rupt return processin g- Also n ote that for 
nested int errupts, the most effic ient meth od to handling REPEAT instructions within ISRs 
will be to always stack RCOUNT. 

[0484] Interrupt return operates as normal and requires no specia l handIing_ior 

returning into a REPEATIW1 loop. N ormal in terrupts w ill prefetc h the repeated 
instruction during the second cvcle of the RETFIE , Return f rom a fas t interruptjmU 
reload the Instructi on Latch from the IR Temp register and execute the next repeat 
iteration during the second cycle. The stacked RA bit will be restore d when t he SRL 
register is pooped and, if set, the interrupted REPEAT loop will be resumed. Clearing the 
RA bit in the stacked SR from within an IS R is a met hod to force an interru pted loop to 
terminate (subject to one more iteration) a fter the interrupt returns. RA is not software 
modifiable within the SR. 

104851 The DO & DOW instructions will ex ecute instructions following the DOfWl 

until an e nd addres s is reached at which time ins truction execution will start again at the 
instruction immediately following the DO fW]. This will be repeated a finite number of 
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times as defined by either an 14-bit lite ral encod ed in the 1st word of the instruction (for 
PCD or bv the contents of a W register declared within the instruction (for DOW), enabling 
the loop count to be a variable. The instruction execution orde r need not he sequential, nor 
does the loop end address have to be greater than the start address. 

[04861 Referring to Figure 166. the POfWl instruction loads the loop count value 

into the loop count register (PCOUNT) during 02. Note that, as it is required that a 
REPEAT fWl instruction be executable from withi n a DO loop T the DCOUNT and 
RCOUNT registers must be independent. The associated decrementer can he shared 
however, the last instruction of a DOfW] loop cannot be; 

1. a REPEAT [Wl instruction or 

2. the instruction within a repeat loop. 

Ideally, these circumstances should be detected & flagged by the assembler. 
f04871 The loop sta rt address (PO is stored in the DOST ART register during Q2 of 

the second cycle. The two cycle POIW1 instruction then calculates the end address by 
executing a 23-bit signed addition of the current PC[23;11 (which points to the first loop 
instruction) and a signed 16-bit literal offset encoded within the 2nd word of the DO[W] 
instruction. This is executed using the MCU ALU durin g Ql and Q3 o f the 2nd cycle. The 
loop end ad dress is stored in the DOEND register during Q4. T he DOEND and DOST ART 
registers are closely coupled with the PC as shown in Figure 162. The DA bit within the SR 
is also set during PO . forcing all subsequent instruction cycles to execute a PC address 
compare during 01. This comparison must occur for every evele (i.e. not just once for a 2 
cycle instruction). PO is not r equired t o execute from test memory space. The DQSTART, 
POEISP registers are therefore restricted to 22-bits each with an additional MS bit always 
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f04881 The DOfW l literal a ddress offset is such that the end address is calculated to 

he the last instruction within the loop. T his will cause a valid PC address comp are during 
the Ql compare operation of the penul timate ins truction (i.e. during the prefetch of the 
last instruction). This will then enable the loon counter to be decremented and tested, and 
the result combined with the address com pare during Q3 of the same in struction. 
[04891 If the loop counter after decrement does not equal 1 (as shown in Figure 

164), the PC is loaded with the loop start address during 04 (such that the last instruction 
will prefe tch the first loon instr uction, in itiating another loop passl The loon penultimate 
instruction does not have to be the one immediately preceding the last loop instruction. It 
can be a branch or GOTO instruction which targets the last instruction as shown in Figure 
165 (for a branch). 

[04901 If the loop counter after decrement equals 1 (as shown in Figure 166). then 

the PA bit in the SR is cleared and the PC is incremented as normal during 04 (such that 
the last instruction will prefetch the instruction following it and exit the loop), 
104911 The DO loo n is equivalent to the C construct PO-WHILE which implies 

that the loop will be executed at least once. Choosing the loop termination count value to 
equal one enables the loop count and number of iteration to match for all PCOUNT values 
except zero, 

[0492] For a PCOU NT loop count value of 0. DO will iterate the loop 16384 times 

and REPEATW will iterate the loop 65536 times. The loop end comparison mav be an 
equalit y test only. T he loo p end address must be pre-fetched in orde r for the end of loop 
condition to be reco gnized. That is. exiting the l oop to a PC value g reater th an the end 
address (or less than the start address) w ill not ca use the loop count to change. 
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[04931 The combin ed instruction flow diagra m for REP EAT [Wl and DOfWl is 

shown in Figure 167. 

104941 The DOST ART. DOEND and PCOUNT loon registers have a shadow 

register associated with them which permit a single level of nesting. In addition, as the 
POSTART. POENP and DCQUNT registers are user accessible, they may be manually 
saved to permit additional nesting, However, it should be noted that the overhead 
associated with manually saving these registers outweighs the benefits of additional DO 
loop nesti ng with the possible ex ception o f a PO loop within an interrupt 
104951 When a DO i s executed, the PQSTAR T. DOEND and PCOUNT r egisters are 

transferred into the shadow registers prior to being updated with the new loop values. The 
PA bit is also shadowed prior to being set during PO execution Th ese opera tions occur 
for all PO instruction executions, whether nested or not S imilarl Y T during all loop exits, 
the shadow contents of the PQSTART. DOEND and PCOUNT registers a nd the DA bit 
are transferred back into their respective host register 
DO Loops and Interrupts 

[04961 A PQ[W1 loop may be interrupted at any time without penalty , Note that, in 

order to suspend an interrupted PO loop during execution of an ISR, the LS-byte of the SR 
(SRL, which includes the PA bit) is stacked then cleared (in the SR) during exception 
processing, Although this is not essential because the PO loop end address is un likel y to be 
encountered during the ISR, it is consistent with REPEAT operation If a background PO 
loop was active (stacked DA bit sefL the PQSTART. DOEND and PCOUNT registers must 
then be stacked before another PO loop may be executed from within the ISR . This 
applies to anv interr upt class. These register must be restored prior to returning f rom the 
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ISR. Prior to executing a DO within an interrupt requires s tacking and restoring five 

words of data. Thi s overhea d may mean DO is not the most efficient means for loop 
control wi thin an ISR. 

[04971 Interrupt return op erates as normal and requires no sp ecia l handling for 

returning into a POfWI loop . The stacked DA bit will be restored into the SRL register 

and, if set the interrupted PO loop will r esume. C learing the PA bit in the stacked SR 

from within an ISR is a method to force an interrupted loop to terminate early after the 

interrupt returns. The loop will complete the iteration underway and then terminate. If 

the interrupt occurs during the penul timate or last instruction of the loop, one more 

iteration of the loop will occur. PA is not software modifiable within the SR. 

PO and REPEAT Restrictions 
[04981 Any instruction can follow a REPEAT except for: 

L Flow control (anv branch, compare and sk i p T GOTO, CALI^ 
CALLW. RCAEE. RETURN or RETI A¥l 

2. Another REPEAT or DO 
[04991 As it is not especially useful to execute anv of these instructions within a 

repeat lo op, the restrictions on this inst ruction are minimal. 

[05001 REPEAT is interruptible and can be then be nested from within an initial 

(first, unn ested) ISR, If interr upt nestin g is enabled. REPEAT can be nested from within 
anv ISR but only after the user stacks the appropriate registers manually (all REPEAT 
control registers are u ser accessible^. 

[05011 All PO loops must contain at least 2 instructions because the loop 

termination tests are performed in the penultimate instruction. REPEAT should be used 
for single instruction loops t All other restrictions with reg ard to th e DO loop revolve 



HOU01 :867605HOU02:4m9^rt- lM21M. 



-288- 



Client Reference No. MT1-2095.IJS.0 Patent 

around t he last instruction. With the no table exc eption of CALLW, th e last ins truction 
should not be; 

L Flow control (any bran ch, comp are and skip, GOTO, RCALL) 

2. Anot her REPEAT or DO 

3. Instruction within a repeat loop 

4. Anv 2 wor d instruction 

[05021 If at all possible , the assembler should be capable of f lagging these 

instructions if placed at the end of a DO loop t 

[0503] The (one word) CALLW will function correctly at the end of a DO loop 

because the stacked PC will address the start of loop instruction (to fetch upon return). 
[05041 PC relative instructions (e.g. RCALL. branches) won't work correctly at the 

end of a loop because the PC calculation will be performed using the current PC value 
which will be the loop start address. That is, the assembler psuedo-PC and the real PC do 
not match at this point. 

[05051 Should execution of a REPEAT[W1 instruction as the last loop instruction be 

attempted, the DOfWI loop counter will take priority and the REPEAT target instruction 
will never be executed before the PO[W1 loop jumps to the loop start. Should the last loop 
instruction be the instruction being repeated within a REPEAT loop, the DO[W1 loop 
counter will also take priority and the REPEAT target instruction will only execute once 
with no change to RCOUNT before the PO[W1 loop jumps to the loop start* 
[05061 Two-word instructions will fail if placed at the end of a DO loop because the 

PC is adjusted in the penultimate instruction in order to accommodate the instruction 
prefetch (without a dead cycle). Consequently, the second wo rd of a tw o-word instruction 
would therefore be incorrectly fetched from the loop start address* 
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[05071 RETURN and RETLW will work correctly when the last instruction of a DO 

loop hut t he user must be responsible for returning i nto the loop to complete it. 

[00621 Programmers Bro£rammer Model 

[0508] [0063] The programmers model of th e proc e ssor is shown in HGr Figure 5 and 

consists of 1 6,tim e s. l6_jL- l 6-bit working registers, 2.times. 2 x 40-bit accumulators, status 
register, data table page register, data space program page register, DO and REPEAT registers, 
and program counter. The working registers can act as data, address or offset registers. All 
registers are memory mapped. 

[0509] [006 4 ] Most of these registers have a shadow register associated with them as 

shown in FIGS. 1 - 33. Eigare-5,_ The shadow register is used as a temporary holding register and 
can transfer its contents to or from its host register upon some event occurring. None of the 
shadow registers are accessible directly. The following rules apply to register transfer into and 
out of shadows. 

■ [0065] Fast Interrupts entry & exit [0066] 

W0 to W14 shadows transferred [0067] 
PC shadow transferred [0068] 
TABPAG & DSPPAG shadows 
transferred [0069] 

RCOUNT shadow transferred [0070] 
SR[6:0] shadow bits transferred 

■ fOG^Normal Interrupt Entry £0072} 

RCOUNT shadow transferred [0073] 
SR[6] shadow bit transferred 

■ [007 4 ] Nested DO [0075] 

DOSTART, DOEND, DCOUNT shadows 
loaded 

[0510] [0076] Byte instructions which target the working register array only effect the 

least significant byte of the target register. However, a consequence of memory mapped working 
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registers is that both the least and most significant bytes can be manipulated through byte wide 

data memory space accesses. 

fOQy^- Uninitialized W Re gister Trap 
[0511] [0078] The W register array (except W15) is not effected by a reset and therefore 

must be considered uninitialized until a written to. An attempt to read an uninitialized register 

for an address access will generate an address error trap (fetch of an uninitialized address). In 

this situation, the user will most likely choose to reset the application, though recovery may be 

possible through an examination of the problematic instruction (via the stacked return address). 

[0512] [0079] This function is achieved through the addition of a single latch to each W 

register (W0 through W14). The latch is cleared by reset and set by the first write to the 

associated registe r and is described in th e patent application entitl e d "Register Point y as shownin 

[See Unin itialized W Register Trap " incorporated by refer e nce herein.^ When the latch is 

clear, a read of the cprresponding register to either AGU will force an address error trap. W15 is 

initialized during reset (see [See Software Stack Pointer]) and consequently does not require 

this feature. 

fQ080^ Default W Register Selection 
[0513] [0081] The default W register for all file register instructions is defined by the 

WD[3:0] field in the CORCON ( CORE CONtrol Core Control register). This field is reset to 

0x0000, corresponding to register W0. As most of th e CORCON function relates to DSP 

operations, it is discuss e d in Section 2.0, DSP Engine. 

fOOSa- Software Stack Pointer 
[0514] [0083] W15 has been dedicated as the software stack pointer, and will be 

automatically modified by exception processing and subroutine calls and returns. However, 

W15 can be referenced by any instruction in the same manner as all other W registers. This 
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simplifies reading, writing and manipulating the stack pointer (e.g. creating stack frames). In 
order to protect against misaligned stack accesses, W15[0] may be cl e a r j&_atoays clear. 
f05151 [0084] W15 may bc is initialized to 0x0200 during a reset. This will point to valid 

RAM in all derivatives and will guarantee stack availability for non-maskable trap exceptions or 
priority level 7 interrupts which may occur before the SP is set to where the user desires it. The 
user may reprogram the SP during initialization to any location within data space. 
[0516] [0085] W14 may^be has been dedicated as a stack frame pointer as defined by the 

LNK and ULNK instructions. However, W14 can be referenced by any instruction in the same 
manner as all other W registers. 

[05171 [0086] The stack pointe r always points to the first available free word and fills 

working from lower towards higher addresses. It pre-decrements for stack pops (reads) and post 
increments for stack pushes pushs (writes) as shown in FIGS. 1 - 32. EigU££-122^_N ote that for a 
PC push during any CALL instruction, the MS-byte of the PC is zero extended before the push, 
ensuring that the MS-byte is always clear. The stack timing is shown in FIGS. l - 31. Figures 170 
and 171. A PC push during exception processing maymll concatenate the SRL register to the 
MS-byte of the PC prior to the push. 
[0087] Stack Pointer Overflow Trap 

[05181 [0088] There is a stack limit register (SPLIM) associated with the stack pointer 

that is uninitialized at reset. SPLIM[15:1] is a 15-bit register. As is the case for the stack 
pointer, SPLIM[0] is forced to 0 because all stack operations must be word aligned. 
[0519] [0089] The stack overflow check ma ymll not be enabled until a word write to 

SPLIM occurs after which time it can only be disabled by a reset. All EA's generated using Wl 5 
as Wsrc or Wdst (but not Wb) are compared against the value in SPLIM. Should the EA be 
greater than the contents of SPLIM, then a stack error trap is generated. This comparison is a 
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subtraction, so the trap will occur for any SP greater than SPLIM. In addition, should the SP EA 



calculation wrap over the end of data space (OxFFFF), AGU X will generate a carry signal which 
will also cause a stack error trap (if the SPLIM register has been initialized^. 
[0090] Stack Pointer Underflow Trap 

[05201 [0091] The stack is initialized to 0x0200 during reset. A simple stack underflow 

mechanism is provided which will initiate a stack error trap should the stack pointer address ever 
be less than 0x0200. 
[0092] Status R e gist e r 

[05211 [0093] The status register is dsBKLcnreJias a 16-bit status register (SR), the LS- 

byte of which is referred to as the lower status register (SRL). A detailed table showing the 
arrangement of the SR register is set forth b e low. 

1 Upper Half: R/W 0 R/W 0 RAV 0 RAV 0 R7W 0 RAV 0 U U OA OB SA SB OAB SAB 

bit 15 bit 8 Lower Half: R 0 R 0 R/W 0 RAV 0 RAY 0 W 0 RAY 0 RAY 0 DA RA SZ N OV 
Z DC C bit 7 bit 0 r00941 Th e SRL contains A detailed descrip tion is shown in Table 187. 
SRL contains all the MCU ALU operation status flags (including athg new 'sticky T (SZ) bit 
d e scrib e d in the application entitled "Sticky Zero Bit Flag" incorporated by r e f e r e nc e h e r e in and ' 
(SZ) bit) plus the REPEAT and DO loop active status bits. During exception processing, SRL 
may b e i g concatenated with the MS-byte of the PC to form a complete word value which is then 
stacked. The upper byte of the SR contains the P SP Adde r/Subtractor status bits. 

[05221 [0095] Th e upp e r byt e of th e SR may contains the DSP Adder/Subtractor status 

biter All SR bits are read/write except for the DA and RA bits which are read only because 

accidentally setting them could cause erroneous operation (include inhibiting PC increments). 

When the memory mapped SR is the destination address for an operation which affects the any 

of the SR bits, data writes are disabled to all bits. Th e bits of the SR arc summarized below. 

5 bit 15 OA: Accumulator A Overflow Status 1~ Accumulator A overflowed 0~ Accumulator A 
not ov e rflow e d bit 1 4 OB: Accumulator B Ov e rflow Status 1~ Accumulator B overflow e d 0~ 
Accumulator B not overflowed bit 13 SA: Accumulator A Saturation ^Sticky^ Status 1~ 
Accumulator A is saturated or has been saturated at some time 0~ Accumulator A is not 
saturated bit 12 SB: Accumulator B Saturation ^Sticky^ Status 1~ Accumulator B is saturated or 
has been saturated at some tim e 0~ Accumulator B is not saturat e d bit 11 OAB: OA OB 
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Combined Accumulator Overflow Status 1~ Accumulators A or B have overflowed 0~ N e ith e r 
Accumulators A or B have overflowed bit 10 SAB: SA SB Combin e d Accumulator 'Sticky 
Status h Accumulators A or B ar e saturat e d or have been saturat e d at some time in the past 0~ 
Neith e r Accumulator A or B arc saturated bit 9 - 8 Unused bit 7 DA: DO Loop Active 1~ DO loop 
in progr e ss 0~ DO loop not in progr e ss bit 6 RA: REPEAT Loop Active 1~ REPEAT loop in 
progress 0~ REPEAT loop not in progress bit 5 SZ: MC ALU 'sticky Z e ro bit 1~ An operation 
which effects th e Z bit has s e t it at some time in the past 0" The most recent operation which 
e ff e cts the Z bit has cleared it (i.e. a non - zero r e sult) bit 4 N: MCU ALU Negative bit bit 3 OV: 
MCU ALU Overflow bit bit 2 Z: MCU ALU Zero bit bit 1 DC: MCU ALU Half Carry/Borrow 
bit bit 0 C: MCU ALU Carry/Borrow bit Leg e nd R - Readable bit W - Writabl e bit U - 
Unimpl e mcntcd bit, r e ad as '0' — n ~ Valu e at POR 1 ~ bit is set 0 ~ bit is cleared x ~ bit is 
unknown 

[0096] Instruction Addressing Modes 

[0097] Th e basic set of addressing modes shown in Table 4- 1. Note that, 'Wn+~' indicat e s that 
th e cont e nts of Wn is add e d to som e thing to form the e ff e ctiv e address which is then written 
back into Wn. ^Wn+' indicates that the cont e nts of Wn is add e d to som e thing to form the 
eff e ctiv e addr e ss but th e cont e nts of Wn r e main unchang e d. 

[0098] The addressing modes in form the basis of thr ee groups of addr e ssing mod e s optimized to 
support sp e cific instruction f e atur e s. Th e y ar c MODE1, MODE2 AND MODE3. Th e DSP MAC 
and derivative instructions arc an exception wh e r e th e addr e ssing mod e s are encoded differently. 
This s e t of addr e ssing mod e s is referred to as MODE 4 . 

6 Not e : R e f e renc e DSP CORE DOS FOR MODE 1 Addressing Mod e Function D e scription 
Register Direct E A - Wn Wn is the EA Register Indir e ct EA - [Wn] The contenst of Wn forms 
the EA Register Indirect Post — EA - [Wn] + - 1 Th e cont e nts of Wn forms the EA modified 
which is post - modifi e d by a constant value Register Indirect Prc - modificd EA [Wn + ~ 1] Wn 
is pr e- modified by a sign e d EA ~ [Wn — ~ 1] constant value to form th e EA R e gist e r Indir e ct 
with Register EA ~ [Wn + Wb] The sum of Wn and Wb forms th e EA Offset Regist e r Indir e ct 
with Constant EA [Wn + Th e sum of Wn and a signed constant Offset constant] value forms 
the EA 

[0099] EA is d e fin e d as the effectiv e address. All address modification valu e s (except Wb) arc 
scal e d for word acc e ss. 

[0100] Addressing Modes 

[0101] All but few instructions support both 8 - bit and 16 - bit op e rand data siz e s. In order to 
e ffici e ntly accommodat e this requir e ment, effective addresses are byte aligned. As the data space 
is 16 - bits wide, th e following consequences must b e understood. 

[0102] a. Mis - aligned word accesses are not supported. All word effective addresses must be 
e v e n (th e LS - bit of the EA is ignor e d by the data space memory). 

[0103] b. The LS - bit of the effective address is used to s e l e ct which byt e (upp e r or low e r) is 
multiplexed onto bits [7:0] of th e data bus for byte sized accesses. 
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[010 4 ] c. Post and pre - modification of a r e gist e r by a constant value to create a new effective 
address must take into account of th e data size acc e ss e d. All constant values, whether impli e d 
(e.g. post inc) or declared (e.g. post - modify with S51it) are scaled by a factor of 2 for word 
acc e ss e s. For e xampl e : 

[0105] [Ws]+~1 will post modify data source point e r Ws by 1 for a byte access, and by 2 for a 
word access. 

[0106] [Ws]+~Slit5 will post modify data sourc e pointer Ws by Slit5 for byte accesses and 
Slit5«l (shift left by 1) for word accesses. 

[0107] Addr e ss modification valu e s (except Wb) ar e scal e d for word access. 

TABLE 187 SR. CPU Status Register (OxXXXXl 



Upper Haifc 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

QA QB SA SB QAB 

bill5 

Lower Half: 

R=H R=Q R/W-0 R/W-0 R/W-0 

DA RA SZ N QV 

bit 7 



R/W-0 
SAB 



R/W-0 
Z 



u 



R/W-0 
DC 



y 

bit 8 

R/W-0 
bit 0 



QAl Accumulator A Overflow Status 
15 1 = Accumulator A overflowed 

(L^Accumulator A not overflowed 

QBiAccumulator B Overflow Status 
14 1 = Accumulator B overflowed 

0 = Ac cumulato r B not overflowed 

SA^Accumulator A Saturation Sticky!_Status 
13 1 = Accumulator A is saturated or has been saturated at some time 

Q = Accumulator A is not saturated 

SB; Accumulator B Saturation Sticky' Status 
12 1 = Accumulator B is saturated or has been saturated at some time 

fl_=Accumulator B is not saturated 

QABlDA II QB Combined Accumulator Overflow Status 
11 1 = Accumulators A or B have overflowed 

0 = Neither Accumulators A or B have overflowed 

SAB^SA II SB Combined Accumulator Sticky 1 Status 
_ 1 = Accumulators A or B are saturated or have been saturated at some time in the 

— past 

Q = Neither Accumulator A or B are saturated 
9^8 Unused 

DA: DO Loop Active 
Z 1 = DO loop in progress 

0 = DO loop not in progress 

RA: REPEAT Loop Active 
6 1 = REPEAT loop in progress 

0 = REPEAT loop not in progress 

SZ; MCU ALU sticky' Zero bit 

- 1 = An operation which effects the Z bit has set it at some time in the past 
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o = The most recent operation which effects the Z bit has cleared it (i.e. a non-zero 
result} 

4 N: MCU ALU Negative bit 

3 QV: MCU ALU Overflow bit 

2 Z: MCU ALU Zero bit 

1 DC: MCU ALU Half Carry/ Borrow bit 

Q C: MCU ALU C arry/ Borrow bit 

Legend 

R = Readable bit W= Writable bit U= Unimplemented bit, read as_HE 

-n = Value at POR 1 = hit is sgt 0 = hit is cleared x = hit is unknown 

Exceptions and Stack 

[05231 The core supports a prioritized interrupt and trap exception scheme. There 

are UP to eight levels of interrupt priority, each of which has an interrupt vector associated 
with it E ach inte rrupt source is user programmable with regard to what priority (and 
therefore vector address) it uses. The highest priority interrupt is non-maskable. The are 
seven traps available to improve operational robustness, all of which a re non-m askable. 
They adhere to a predefined priority scheme. 

[0524] Stacking associated with exceptions and subroutine calls is executed on a 

software stack, Register W15 is dedicated as the stack pointer and has th e LSB = 0, 
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TABLE 188 -- Central Processing Unit Stat us Flag O perations 



PLA 

Mnemonic 


Status Affected 


c 


DC 


N 


QV 


sz 


z 


OA 


QB 


SA 


SB 


Move Operations 


EXCH 


None 






















LDDW 


None 






















LDQW 


None 






















LDW 


None 






















MOV 


None 






















MOVF 


tu 






















MOVL 


None 






















MOVLW 


None 






















MOVWF 


None 






















STDW 


None 






















STQW 


None 






















STW 


None 






















Table Operations 


TBLRDH 


None 






















TBLRDL 


None 






















TBLWTH 


None 






















TBLWTL 


None 






















Math Operations - W Registers 


ADD 


C r DC.N,OV r SZ r Z 






















ADDC 


C.DC.N.OV.SZ.Z 






















AND 


N r SZ r Z 






















IOR 


N r SZ r Z 






















SUB 


C.DC.N.OV.SZ.Z 






















SUBB 


C.DC.N.OV.SZ.Z 






















SUBR 


C T DC.N.OV.SZ r Z 






















SUBBR 


C.DC.N.OV.SZ.Z 






















XOR 


N.SZ.Z 






















Math Operations - Short Litera 


s (literal C 


L31) 


ADDLS 


C.DC.N.OV.SZ.Z 






















ADDCLS 


C.DC.N.OV.SZ.Z 






















ANDLS 


N r SZ,Z 






















IORLS 


N r SZ r Z 






















SUBLS 


C.DC.N.OV.SZ.Z 






















SUBBLS 


C r DC r N T OV r SZ r Z 






















SUBRLS 


C.DC.N.OV.SZ.Z 






















SUBBRLS 


C.DC.N.OV.SZ.Z 






















XORLS 


N.SZ.Z 






















Math Operations - W Registers Single O 


>erand 


CLR 


z 










1 










COM 


N r SZ r Z 
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DEC 


C r DC T N.OV r SZ r Z 






















DEC2 


C.DC.N.OV.SZ.Z 






















INC. 


C.DC.N.OV r SZ r Z 






















INC2 


C.DC.N.OV r SZ.Z 






















NEG 


C.DC.N.OV r SZ r Z 






















SETM 


None 






















Math Operations - File Registers 


ADDWF 


C.DC.N.OV r SZ T Z 






















ADDWFC 


C.DC.N.OV.SZ.Z 






















ANDWF 


N r SZ r Z 






















IORWF 


N r SZ T Z 






















SUBFW 


C.DC.N.OV.SZ.Z 






















SUBBFW 


C.DC.N.OV.SZ.Z 






















SUBWF 


C.DC.N.OV.SZ.Z 






















SUBBWF 


C.DC.N.OV.SZ.Z 






















XORWF 


N,SZ,Z 






















Math Operations - File Registers Single 1 


Operand 


CLRF 


z 












1 










COMF 


N r SZ r Z 






















DECF 


C.DC.N.OV.SZ.Z 






















INCF 


C.DC.N.OV.SZ.Z 






















NEGF 


C.DC.N.OV.SZ.Z 






















SETF 


None 






















Math Operations - Literals (lite 


ral -512,.511) 


ADDLW 


C.DC.N.OV.SZ.Z 






















ADDCLW 


C.DC.N.OV.SZ.Z 






















ANDLW 


N r SZ.Z 






















IORLW 


N r SZ T Z 






















SUBLW 


C.DC.N.OV.SZ.Z 






















SUBBLW 


C.DC.N.OV r SZ T Z 






















XORLW 


RZ 






















Math Operations - Multiply, Adjust 


DAW 


£ 






















DIV 


None 






















MULS 


None 






















MULSU 


None 






















MULSULS 


None 






















MULU 


None 






















MULULS 


None 






















MULUS 


None 






















MULWF 


None 






















SE 


C r N.Z 






















ZE 


None 






















SWAP 


None 






















Rotate/Shifl 


t Operations - W Registers 
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ASR 


C r N r OV r SZ r Z 






















LSR 


C r N r OV r SZ r Z 






















RLC 


C r N r SZ r Z 






















RLNC 
























RRC 


C r N r SZ r Z 






















RRNC 


N r SZ r Z 






















SL 


C r N r OV r SZ r Z 






















Rotate/Shifl 


t Operations - File F 


Registers 


ASRF 


C r N r OV r SZ r Z 






















USRF 


C.N.OV.SZ.Z 






















RLCF 


C r N r SZ f Z 






















RLNCF 


N,SZ f Z 






















RRCF 


C r N r SZ r Z 






















RRNCF 


N.SZ.Z 






















SLE 


C.N.OV.SZ.Z 






















Barrel Shift Operations - W Registe 


rs (si 


lift ra 


nge -16..15) 


ASRW 


C.SZ.Z 






















LSRW 


c r sz T z 






















MSLW 


QSZZ 






















MSRVV 


C,$Z,Z 






















SLW 


c.szz 






















Barrel Shift Operations - Short Literals (shift 


range -16, ,15) 


ASRK 


c r sz r z 






















LSRK 


c r sz r z 






















MSLK 


c r sz r z 






















MSRK 


C,$Z,Z 






















SLK 


Q J 3ZZ 






















DSP OPERATIONS - Accumule 


itorC 


>ps 


ADDAB 


OA.OB.SA.SB 






















ADDAC 


OA r OB r SA r SB 






















LAC 


None 






















NEGAB 


OA.OB.SA.SB 






















SAC 


None 






















SFTAC 


OA,OB r SA r SB 






















SFTACK 


OA.OB T SA.SB 






















SRAC 


None 






















SUBAB 


OA.OB.SA.SB 






















DSP OPERATIONS - MAC Ods 


CLRAC 


OA.OB.SA T SB 






















ED 


OA.OB T SA r SB 






















EDAC 


OA.OB r SA.SB 






















MAC 


OA,OB r SA.SB 






















MOVSAC 


None 






















MPY 


OA T OB r SA T SB 






















MPYN 


OA,OB r SA r SB 
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MSC 


OA r OB T SA r SB 






















SQR 


OA.OB r SA r SB 






















SQRAC 


OA r OB r SA.SB 






















BIT OPERATIONS - W Reaiste 




BCLR 


None 






















BSET 


None 






















BSW 


None 






















BTG 


None 






















BTST 


C orZ 






















BTSTS 


CorZ 






















BTSTW 


CorZ 






















BIT OPERATIONS - File Reaisters 


BCLRF 


None 






















BSETF 


None 






















BTGF 


None 






















BTSTF 


Z 






















BTSTS F 


Z 






















BIT FIND O 


PERATIONS 


FBCL 


SZ.Z 






















FBCR 


SZ.Z 






















FFOL 


SZ.Z 






















FFOR 


sz.z 






















FF1L 


SZ.Z 






















FF1R 


sz,z 






















Skip OPERATIONS - W Registers 


BTSC 


None 






















BTSS 


None 






















Skip OPERATIONS - File Registers 


BTFSC 


None 






















BTFSS 


None 






















Inc/Dec Ski 


p OPERATIONS - File Registers 


DECFSNZ 


None 






















DECFSZ 


None 






















INCFSNZ 


None 






















INCFSZ 


None 






















Compare 0 


PERATIONS -WRegiste 


rs 


CPO 


C.DC.N.OV.SZ.Z 






















CP1 


C.DC.N.OV.SZ.Z 






















QE 


C r DC r N.OV.SZ.Z 






















CPB 


C.DC.N.OV.SZZ 






















Compare 0 


PERATIONS - Short Literals (literal Q.„< 


m 


CPLS 


C.DC.N.OV.SZ.Z 




















CPBLS 


C.DC.N.OV.SZ.Z 




















Compare 0 


PERATIONS - File Registers 


CPFO 


C.DC.N.OV.SZ.Z 
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CPF1 


C.DC.N.OV.SZ.Z 






















CPF 


C.DC.N.OV.SZ.Z 






















CPFB 


C.DC.N.OV.SZ.Z 






















Com Da re S 


kip OPERATIONS - File Registers 


CPFSEQ 


None 






















CPFSGT 


None 






















CPFSLT 


None 






















CPFSNE 


None 






















Branch Operations 


BC 


None 






















BGE 


None 






















BGT 


None 






















BGTU 


None 






















B_LE 


None 






















BLEU 


None 






















ELI 


None 






















EN 


None 






















BNC 


None 






















BNN 


None 






















BNOV 


None 






















BNZ 


None 






















BOA 


None 






















BOB 


None 






















BOV 


None 






















ERA 


None 






















BSA 


None 






















BSB 


None 






















EZ 


None 






















JumD/Call/F 


Return Operations 


BRAW 


None 






















CALL 


None 






















CALLW 


None 






















GOTO 


None 






















GOTOW 


None 






















RCALL 


None 






















RCALLW 


None 






















RETFIE 


INTLV 






















RETLW 


None 






















RETURN 


None 






















TRAP 


None 






















LooDina Operations 


DO 


None 






















DOW 


None 






















REPEAT 


None 






















REPEATW 


None 
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Stack Operations 


ITCH 


All 






















LNK 


None 






















POP 


None 






















PUSH 


None 






















SCRATCH 


None 






















ULNK 


None 






















Control Operations 


CLRWDT 


TO r PD 






















DISI 


None 






















HALT 


None 






















NOP 


None 






















NOPR 


None 






















RESET 


None 






















SLEEP 


TO r PD 
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TABLE 189 - Central Processi ng Unit Opcode Field Descriptions 



Eiald 

A 

B 



rrrr r-rr-r r-rrr 

TTTT TTTT TTTT TTTT 



Description 

Accumulator selection bit: 0=ACCA; 1=ACCB 

Byte mode selection bit: Q=word opera tion ; 1=hyte operation 

Destinatio n addres s bit; 0=result stored in Wd ; 1=result stored in file 

register 

Push or P op shado ws: Q=no s hadows; 1=use shadows 

Bit test dest ination: Q=C flag bit: 1=Z flag bit 

Wd destination register select; 0QQQ=W0; 1111=W15 

Ws source register select: 00Q0=W0; 1111=W15 

Wb base register select: QQQQ=WQ: 1111=W15 

Addressing mode for Ws source register (See TabledSOl 

Addressing mode for Wd destination register (See Table 191) 

Literal offset addressing mode for Ws source register fSee Table 192) 

Literal offset addressing mode for Wd destination re gister (Se e Table 193) 

Pre-fetch X Destination (See TablfiLi35) 

Pre-fetch Y Destination (See Table_lM) 

Pre-fetch X Operation (SeeTable 194) 

Pre-fetch Y Operation (SeeTable 13Z) 

Multiplier source select (SeeTafaleJl3£) 

Accumulator write back mode (See Tab|e_d39) 

Barrel shift count 

3- bit bit position select: QQQ=LSB; 111=Mr. Soliman Boustany 

4- bit bit position select: 0000=:LSB; 1111=Mr. Soliman Boustany 
13-bit register file address (QxOQQO to 0x1 FFF) 

16-bit register file address (OxOQQQ to OxFFFF) 

5- bit literal field, constant data or label 



kkkkk 
kkkk kkkk 
kk kkkk kkkk 

kk kkkk kkkk kkkk 

kkkk kkkk kkkk kkkk 16-bit literal field, constant data or label 



8-bit literal field, constant data or label 
10-bit literal field, constant data or label 
14-bit literal field, constant data or label 



nnrin nnnn nnnn 
nnnn 

nnnn nnnn nnnn 
nnnO nnn nnnn 
xxxx xxxx xxxx xxxx 



1-bit vector select for trap instructions 

16-bit program offset field for relative branch/call instructions 

23-bit program address for goto/call instructions 
16-bit unused field (don't care) 
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TABLE 190 ■- Addressing Mode s For Ws Source Regi ster (Address Mode 11 

Instruction 



PPP 

QQO 
001 

010 



011 



Addressing Mode 

Register Direct 
Indirect 

Indirect with post- 
decrement 



Indirect with post; 
increment 



Source 
Operand 
Ws 

rwsi 



Qperation (3) 
Wd = Ws qd Wb 
Wd = rWsl on Wb 

wd = rwsi- op wb 



Effective Address 

EAs = W r egister number 

EAs = Ws 

EAs = Ws: 

Ws <- iWs-1l< 1) 



rwsi++ wd = rwsi++ op wb 



Ws <- fWs - 2\ {2) 

EAs = Ws; 

Ws <■ fWs + 1l (1) 



Ws <- (Ws + 21 < 2) 
Ws <- (Ws - IT 7 ; 



100 Indirect with pre-decremejit [Ws—] 



Wd = rWs-1 op Wb 



Ws <- (Ws - 21 



(2) . 



EAs = Ws 
Ws <- (Ws + 1) 



d) . 



101 Indirect with pre-incremegt [Ws++] Wd = [Ws++] op Wb 



• or ■ 



Ws <■ i Ws + 21 



(2) 



EAs = Ws 



Ilk 
Note: 



(Specifies SlitS Source for Short Literal Instructions) 
1 : For byte operations, add or subtract 1. 
2: For word operations, add or subtracts 



3: Wd assumed to be in register direct mode (qqq=000). 

TABLE 191 - Addressing Modes For Wd Destination Register {Address Mode 21 



ggg 

OOP 
001 

010 



011 



Addressing Mode 



Register Direct 
Indirect 



Indirect with post- 
decrement 



Destination 

Operand 
Wd 
[Wd] 



[Wdl- 



Instruction 
Operatioriigj 



Indirect with post; 
increment 



100 Indirect with pre-decremenj [Wd-1 



rwdi 


= Ws op Wb 


[Wdl- 


- = Ws oo Wb 


[Wdl- 


»■+ = Ws op Wb 


[Wd-- 


l = Ws oo Wb 


[Wd+ 


+1 = Ws op Wb 



Effective Address 

EAd = W register number 

EAd = Wd 

EAd = Wd; 

Wd <- (Wd-1) (1) 



or - 



(2) 



Wd <- (Wd - 2) 1 
EAd = Wd; 
Wd <- fWd + 1l (1) 



Wd <- iWd + 21 < 2) 
Wd <- fWd - 1~: 



Wd <■ i Wd - 2) 



101 Indirect with preincrement [Wd++] 
lAx moused) 

Note; 1 : For byte operations, add or subtract 1. 

2. For word operations, add or subtract 2. 

3. Ws assumed to be in register direct m ode (ppp=QQQ). 



_ (2) 

EAd = Wd 

Wd <- fWd + H< 1 >: 

-or- 

Wd <- fWd + 2\ < 2) : 
EAd = Wd 
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TABLE 19 2 -- Offset Addressing Modes For Wso Source Register (Mode 3) 



QflQ 
001 



101 



Mote: 



Addressing Mode 
Register Direct 
Indirect 



Source Operand 
Wns 
rWnsI 



Mfl Indirect with post-decrement 



Ml Indirect with post-increment 



1QQ Indirect wi th pre-decrement 



fWns1++ 



fWns+SHtSI 



Effective Address 
EA = W register number 
EA = Wns 
EA = Wns: 
Wns <- /Wns-1l (1) 

- or - 

Wns <- (Wns - 21 (2) 

EA = Wns; 

Wns<- (Wns + H (1) 

- or - 

Wns <- (Wns + 2> < 2) 
Wns <- /Wn s - 11™ : 

- or - 

Wns <- /Wns - 2) {2) ; 
EA=Wns 
EA = Wns + Wb (3) 
EA = (Wns + q wwww) (4) 

- or - 

EA = (Wns + 2*gwwww) (5) 



Indirect with register offset rWns+WM 
Indirect wit h positiv e offset by_short 

literal 

Slit5 p (-16..151 

1: For byte operations, add or subtractJL 

2. For word operations, add or subtracts 

3. For byte and word operations, add 2's complimenLWb* 

4. For byte operations, add or subtract qwwww. 

5. For word operations, add or subtract (2 * gwwww) or gwwwwO. 

TABLE 19 3 -■ Offset A ddressing Modes For Wdo Destin ation Reg ister (Mode 31 



hhh 
QQQ 
001 



Address ing Mode 
Register Direct 
Indirect 



fllQ Indirect with post-decrement 



Oil Indirect w ith post-i ncrement 



1QQ Indirect with pre-decrement 



101 



Source Operand 

Wnd 

fWndl 



[Wndl- 
[Wnd]++ 

fWnd-1 

rWnd+Wbl 
RA/nd+SlitSl 



Indirect wi th register offset 

Indirect with positive offset by short 
Hh literal 

SlitS^ M6. .151 
For byte o peration s, add or subtract 1, 
For word operation s, add or subtract 2. 
For byte a nd word operations, add 2's complimentWb. 
For byte o peration s, add or subtract hwwm 
For word operations r add or subtract (2 * hwwww) or hwwwwO. 



Effective Address 
EA = W register number 
EA = Wnd 
EA = Wnd: 
Wnd <- (Wnd-1l (1) 
- or - 

Wnd <- /Wnd - 2) (2) 

EA = Wnd; 

Wnd <- /Wnd + H< 1) 



Wnd <- /Wnd + 21 < 2) 
Wnd <- (Wn d-1l> : 

- or - 

Wnd <- (Wnd - 21 (2) : 

EA = Wnd 

EA = Wnd + Wb (3) 

EA = (Wnd + hwwww)-!!! 

- or - 

EA = (Wnd + 2*hwwwwt 



(5) 
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TABLE 194 - X DATA SPACE PREFETCH OPERATION 



iiii Operation 

QMQ Wxn=iW41 

flflfll Wxn=rW41. W4 = W4 + 2 

0010 Wxn=rW41. W4 = W4 + 4 

0011 Wxn=fW41. W4 = W4 + fi 
QIQQ No Prefetch for X Data Space 
0101 Wx p=fW41. W4 = W4 - 6 
flllQ Wxp=fW41. W4 = W4 - 4 
0111 Wxp=rW41. W4 = W4 - 2 
1QQQ Wxn=rW51 

1M1 Wxo=rW51. W5 = W5 + 2 

1MQ Wxp=rW51. W5 = W5 + 4 

1011 Wxn=rW51 W5 = W5 + 6 

1100 Wxn=iW5+W81 

1101 Wxp=pA/51, W5 = W5 - 6 

1110 Wxp=[W5], W5 = W5 - 4 

1111 Wxn=IW5l. W5 = W5 - 2 



TABLE 195 - X Data Space Prefetch Destination 
XX Wxp 
Ql W± 
11 W3 



TABLE 196 - MAC or MPY Source Operands 

mmm Multiplicands 

000 W0* W1 

QQ1 W0*W2 

010 W0* W3 

011 Invalid (CLRAC instruction) 
1QQ W1 *W2 

101 W1 *W3 

110 W2*W3 

111 Invalid (MOVS instruction) 
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TABLE 197 - Y Data Space Prefetch Operation 

jjjj Operation 

QQQQ WVP=[W6] 

0001 Wvp=rW61. W6 = W6 + 2 

0010 Wvp=rW61. W6 = W6 + 4 

0011 Wvp=rW61. W6 = W6 + 6 

0100 No Prefetch for Y Data Space 

0101 Wvp=rW61. W6 = W6 - 6 
0110 Wvp=rW61. W6 = W6 - 4 
QUI Wvp=rW61. W6 = W6 - 2 
1MQ Wvp=rW71 

mil Wvp=rW71. W7 = W7 + 2 

1MJQ Wvp=fW71. W7 = W7 + 4 

1011 Wvp=rW71. W7 = W7 + 6 

llflQ Wvp=rW7+W81 

1101 Wvp=fW71. W7 = W7 - 6 

1110 Wvp=rW71. W7 = W7 - 4 

1111 Wvp=rW71. W7 = W7 - 2 



TABLE 198 - Y Data Sp ace Prefetch Destination 



Qfi 

01 W1 

10 WJ> 

11 W3 

TABLE 19 9 - Mac Accumulator Write Ba ck Selections 

aa Multiplicands 

00 W9 = Other Accumulator (direct) 

01 [W91++ = Other Accumulator 
— (indirect, post-increment) 

10 No write back 

11 Invalid (MPYxxx instruction) 

105251 [0108] While specific e mbodim e nts of the invention hav e b ee n illustrated and 

described, it will bo understood by those having ordinary skill in the art that changes may b e 
made to those embodiments without departing from the spirit and scope of the invontion. JJie. 
invention, therefore, is well adapted to carry out the objects and attain the ends and 
advantages mentioned, as well as others inherent therein. While th e invention has been 



depicted, described, and is defined bv reference to exemplary embodiments of the 
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invention, such references do not imply a limitation on the invention, and no such 
limitation is to be inferred. The inve ntion is capable o f considerable modification, 
alternatio n, and equivalents in form and function, as will occur to those ordinarily skilled 
in the pert inent arts and having the benefit of this disclosure. The depicted and described 
embodiments of the invention are exemplary only, and are not exhau stive of t he scope of 
the invention. Conse quently, t he invention is intended to be limited only by the sp irit and 
scope of th e appende d claims, giv ing full c ognizance to equivalen ts in aM respects* 
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Claims 

What is claimed is: 

1 . A processor for executing an instruction set comprising the designat e d instruction set, the 
processor comprising: a program m e mory for storing program instructions including instructions 
from th e d e signated instruction set; a program count e r for determining current instruction for 
processing; r e gist e rs for storing operand data specified by the program instructions; and at l e ast 
one instruction execution unit for e x e cuting the current instruction. 

2. The proc e ssor according to claim 1, wherein the at least one execution unit includes a digital 
signal processing engine, 

3. Th e proc e ssor according to claim 1, wherein th e at l e ast on e e x e cution unit includes an 
arithmetic logic unit. 

4 . Th e proc e ssor according to claim 1, wh e r e in e ach d e signat e d instruction is identified to the 
processor by the designated encoding. 
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DTfilTAT, SIGNAL CONTROLLFR M TCROCONTROT JJKR INSTRUCTION SET AN© 

ARCHITECTURE 



Abstract 

ABSTRACT OF THE INVENTION 

An instruction set is provided that features ninety four multiple instructions and 
various address modes to deliver a mixture of flexible micro - controller m icrocontrflllerz like 
instructions and specialized digital signal processor (DSP) processing ("DSP") execute 
instructions that execute from a single instruction stream. A suhset of instructions of the 
instruction set can be executed bv a processor. Similarly, another Sllbset of the instructions 
can be utilized by the digital signal processor. A software application can thus take 
advantage of digital signal processing capabilities in the same program, obviating the need 
for separate programs for separate processors. 
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